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PREFACE. 

In presentiBg a Constructive Method in Histology the writer is con- 
scious of a somewhat radical departure from the usual plan followed by 
books upon the subject. It seems, therefore, desirable to explain in 
some detail the principal reasons for diverging from the methods ordi- 
narily adopted by most authors. Experience in teaching leads one to 
the conviction that those beginning the study of histology find more or 
less difficulty in forming a clear conception of the subject and are quite 
likely to fall into the habit of committing to memory descriptions of 
structures which they either have not seen or can not see without some 
experience in gross anatomy and in the use of the microscope. 

In some cases they have no knowledge which enables them to assim- 
ilate the new and complex ideas to which they are abruptly introduced. 
Under these circumstances, to present a series of isolated facts which 
have little or no apparent connection with the facts of allied subjects, 
is to violate a fundamental principle of the mind's development. It has 
long been recognized by educators that such facts are mere symbols pos- 
sessing no impulsive power, and hence producing no lasting results. 
The mind finds satisfaction in the organization of its ideas. There is 
a certain intellectual pleasure and profit in following the orderly and 
progressive development of a subject which takes as its point of de- 
parture some fact or group of facts which fall within the experience 
of aU. 

Histology is one of the fundamental branches of medicine and is use- 
less to the majority of medical students unless it has some definite bear- 
ing upon medicine. As a rule, it is not easily committed to memory 
because its facts are not easily understood. In those cases which are 
successful on account of persistent application, the knowledge acquired 
exhibits a vague and devitalizing character which confuses the student 
and leads him into error or indifference. The subject is usually taught 
during the freshman year at a time when the anatomist is teaching 
osteology and myology: consequently, wheji the histolo^t t^^i^ up the 
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IV PRBFACB. 

tissues and refers to their part in the construction of the various viscera, 
the student may not even know what or where those viscera are and 
receives no direct information from his anatomical course. It is ahnost 
useless, for example, for a teacher to describe transitional epithelium as 
it occurs in the pelvis of the kidney, ureters and bladder if the student 
does not know the locations or purposes of these organs. He may take 
the trouble to enlighten himself on this point, or may, instead, commit 
facts to memory only to forget them more easily than he committed them. 
It can not be expected that he knows really anything about the viscera 
if he has never seen them or heard them described. On account of this 
fact, a few plates of gross anatomy are introduced to enable the student 
to form some conception of the locations and relative positions of the 
more important viscera, the structures of which he is expected to know, 
perhaps, before dissection or even simple observation affords him that 
information. The most important reason, therefore, for this departure 
from the customary course in histology, is to employ the constructive 
faculties of the mind as they are based upon observation instead of its 
purely memorizing capacities. If we believe that the mind is funda- 
mentally an activity rather than an organ for receiving and recording 
impressions, we shall readily agree that its constructive powers are of 
primary importance where a mechanism is concerned. It is only when 
the mind is employing its native capabilities in the solution of problems 
which it has formulated for itself, and in the elaboration of which all its 
energies are voluntarily enlisted, that knowledge of permanent value can 
be attained. Such intellectual labor is far removed from that of merely 
receptive or memorizing processes, and experience shows that knowledge 
thus acquired becomes an integral part of the mind's capital. This work 
is intended to provide, in concrete form, for the constructive activity of 
the normal mind. It consists of two parts, viz : a descriptive text setting 
forth the constructive method based upon tube formations, and a case 
containing building models and the outlines according to which the 
organs are constructed. The tube is taken as a fundamental, structural 
and functional unit of visceral formation. It has motor and non-motor 
characteristics which are believed to be extremely important as guides 
in the formative plan of visceral structures. The value of some sort of 
manual work in connection with mental activity is conceded by most 
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educators. By means of the accompanying models students may learn 
to construct any tube of the animal body and thus may find, not only a 
medium for motor expressions, but also a method of clarifying and 
classifying facts already partially grasped. Moreover the constructive 
process tends to produce concrete results which are capable of practical 
application. The problem of what to learn and what not to learn con- 
fronts the student in every branch of study. Not possessing a judgment 
trained in the distinction of values, he must select from all available 
sources what his previous experience leads him to believe is important 
and omit the remainder. Errors in judgment are frequently made and 
to this source may be traced much of that vague knowledge which is 
devoid of all dynamic power. In the construction of any complex 
mechanism the builder usually follows some design more or less com- 
pletely develoi)ed and the finished structure is a visible interpretation of 
that design. As a result the builder is not burdened with materials 
which he does not use and the structure is not rendered worthless by rea- 
son of the extraneous matter which has been added to it without refer- 
ence to a rational design. The constructive method is believed, there- 
fore, to be the most satisfactory method of approaching the subject of 
histology. The animal body is a mechanism and most of the organs of 
this mechanism are tubes which are composed of various tissues. These 
tissues are arranged according to a particular design which best serves 
the requirements of the tube. If we have the tissues and know the design 
we can construct any organ of the body. This is the object of the accom- 
panying models. They all have the same curve and are intended to 
represent cross-sections of tubular structures. The circles employed in 
their formation have the same diameters. The same curve is employed 
for both the large and small tubes in order that the number of models 
may not be in excess of convenience as building materials. Upon them 
are printed, somewhat diagrammatically, the different tissues and their 
varieties— epithelial structures in pink, muscular in red and connective 
tissues in white. The nuclei in all cases are blue. These colors are 
intended to represent the hsematoxylin and eosin stains. The word 
outlines which are printed upon the inside leaves of the case form the 
design or plan according to which the organs are built. The numbers 
at the left of the models are for the convenience of the beginner. They 
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may be disregarded as soon as the tissues are familiar. The numbers 
beneath and at the right of the word outlines are model numbers which 
may also be disregarded as soon as the tissues are known. The details 
should be worked out in the laboratory under the direction of the teacher. 
It is essential that students have a knowledge of tissues and cells before 
the constructive process begins. This method then, departs from the 
customary at that part of the histological course, which is concerned with 
the study of organs or viscera. This work is not intended as a complete 
text-book of histology for there are many very excellent books already. 
It is designed as a teaching method based upon simple observation and a 
teacher's exi)erience; and by its use both teacher and student may be 
more closely brought together, being engaged in the actual construction 
of something of common interest. If teacher and student can actually 
build a mechanism by means of materials which are in their possession, 
the completed stnrcture really means much more than a simple mental 
act could possibly accomplish. Furthermore, the simple act of construc- 
tion develops the physiological reasons for histological structures and 
thus correlates the whole. The plates used have been taken from well 
known text-book sources, re-drawn, and adapted to tube structures. 
This method, employed as a means to an end, is thought to constitute a 
useful scheme for the acquisition of a knowledge of a subject somewhat 
difficult in character. It is not supposed that the book, outlines and 
models are free from errors. On the contrary the nature of the subject 
is such that errors are almost inevitable. However a new method of 
teaching and of learning histology is presented, the application of which 

will determine its value. 

J. S. FooTB, M.D. 

Cbeiohton Medical College, 

Omaha, Nebbabka, 1006. ** 
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PART I 

SECTION I 
CELLS AND TISSUES AS BUILDING MATERIALS 
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GENERAL OUTLINE. 

Observation with the naked eye shows one that a living animal eats, 
breathes, moves, expels waste matters, reproduces its kind, bleeds when 
cnt, smells, tastes, feels, hears and sees. From this observation it is 
evident that it must have certain definite parts which are set aside for 
these purposes. These parts, called systems, are the general divisions 
of the body. They are named according to the various functions which 
they perform, as— digestive, respiratory, muscular, urinary, genital, 
circulatory, sensory, etc. Observation by dissection shows that all of 
these systems are composed of smaller -parts. These are called organs. 
They have received their names from anatomical and physiological 
observers of remote dates and do not appear to present any family rela- 
tionship. Naked eye observation terminates here. Investigation, which 
is then possible by means of the microscope, shows that the organs are 
composed of smaller parts. These are called tissues— four in number. 
Further investigation shows that the tissues are composed of smaller 
parts called cells, and intercellular substances. The cells are found to 
be composed of still smaller parts which, at the present time, remain as 
the ultimate structures of the animal body. This method of analysis 
affords us a general view of the constituent parts of the body and also 
of the body aa a whole and is presented in the outline which follows. 
The historical and histological structures of the cell are indicated in 
plate I. which follows the outline. 
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A CONSTRUCTIVE METHOD IN HISTOLOGY. 



OUTLINE OF THE GENERAL STRUCTUBB8 OF THE ANIMAL BODY. 



Systems. 



1, Oireulatory.* 



X DigutkBt. 



8w Seapiralorp, 



4. N^rrooi. 



5, Muscular. 



AnimaL •{ 6. Osseous, 



7. GmUal. 



8. UHnarf. 



9. SensoTj. 



Oboahs. 



L HearL* 
2, Blood vessels, 
& Capillaries. 
4. LympKalics, 

1. Mouth, 

2. Salivarjf ffUmds, 
Z, Tongue. 

4. (Eswhagus, 

5, momach, 
d. Intestines, 

7. Liver, 

8. Pamereas, 



]l 



1. Larynx, 
" Traehea, 
Broneki, 
4, Lungs, 



1. Brain. 

2. Spinal ooid. 
8. Ganglia. 

4. STmpathotie. 
Coptro-spinal 
Nerves. 






Skeletal. 
2. Visoeral. 
8. Heart. 

Long bonea. 
2. Flatbon 



8. Irregular bonea. 

1. Uterus, 

2. Fallopian lubes, 

8. Ovaries, 

4. Labia minora. 

5. Labia minora, 
e. aitorln 
7. i'biit. 

9. Fa«a c^^nwiMo. 
la Baididymis, 
11. r<w<l^arefu. 
12r KMietOoe semin. 

4a. ProstaU gland, 
w 14. Q»cper*s gland, 
16. LitMfs glands. 



W 



1. Kidneys, 

2. r;re<er«. 
iTtodder. 



J Eye, ear, nose and 
") appendages. 



10. Not Classiitod.^ 



1. Lrmph node. 

2. ThTmuSfthjroid. 
a Adrenals. 

4. Spleen. 

5. Pineal gland. 

6. Pituitary bodj. 

7. Coccygeal gland. 



No. OF 
Tissusa. 



Four. 



TiSSURS. 



1. Epithelium. 



2; ConneciiTe 



Vakikties or Tissun. 



2, Stmtifled. 



Pavement, 
Squamous. 
Teesellatod, 
Seal V or 
endotheliuro. 

Glandular, 
Polygonal, 
Polyhedral. 

Columnar, 
Cylindrical, 
Cubical, 
Ciliated. 

I Parement, 
J Squamous, 
1 Tessellated, 
IScaly: 



& TransiUonaL \ Stratified. 



1. Blood. 

2; White flbrouik 

8. Yellow eksUo. 

4. Areolar. 

5. Mucous or embryonic 

6. Adipose. 

7. Lymphoid, adenoid, xetlform, 

reticular 

8. Cartilage. 

9. Bone. 

19l Neuroglia. 



I Striped Toluntary, 
8. Muscular. •{ Striped Involuntaij, 

I Unstriped inT<duntary. 



4. Nerrous. 



I Neuron. 



; Nerre cells, flbrec 
'I Neuroglia. 



•Words in italics Indicate tube systems and organs. 
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QENEBAL OUTLINE. 



OUTLINE OF THE GENERAL STRUCTURES OP THE ANIMAL BODY. 



Stbuctubb 

or A 

T188UB. 



1. Gens. 



Stkuctusb or ▲ Cell. 



General. 



1. CjiopUsm. 



Z Nucleus. 



Minute. 



DBscRipnoH or Mimutb Stbuctuses. 



Product of cell oytopInBui surrounding the cell Llring 
or lifeleoSk 



1. Cell membrmne. 

2. SpongiopUsm. 
8. Hyaloplasm. 

4. AUiaction sphere. ^ ^^^^ •'^^ protoplasmic substance acUre in ceU 

5. Centroeome. 



J Fibrillar, alreolar, or granular meshwork— actire or 
] passire. 



J Structureless, labile, ground substance in the 
1 seat of metaplasmic deposits. 



J Single or multiple granules within the attraction sphere. 
I Dynamic center of a oelL 

J Substances which by growth and dirlsion become starch, 
1 chlorophyll or pigments 

*<{ Spaces occupied by a liquid. 



G. Plastids. 

7. Yacudfts. • 

8. Metaplasm. •{ PasslTC granules, either foods or waste products of oeUa. 

1. Nuclear membrane. •{ ^^ctended chromatin layer surrounding the nucleus. 

2. Chromatin. 

8. Achromatin. •{ Colorless liquid occupying nuclear network. 

4. Nucleolus. 

6. Chromatin knots. •{ Small aggregations of chromatin. 
6. linln. 



J Vital, staining substance, causing cell dlTision and cell 
1 phenomena. 



J Small bodies which stain like cytoplasm, the liinctlon 
] of which is not understood. 



J Reticular base which stains like cytoplasm, supporting 
] nuclear structures. 



StRDCTURB op Base or iKTBRCELLUkAR SUBSTANCB. 



It occurs between cells as a base and may be either cement, fibres or both. 

There are reasons for supposing that between all colls adjacent to each other there Is an organic con- 
tinuity in the form of intercellular bridges. 
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ASM- 



h€K. 
/^ 

membrane. 



m. ^ 



THE CELL. 



PLATE I. 

J* 

HiSTOBICAL AND StRUCTUBAL DiAGBAH. 

The four theories of cytoplasmic .structure and the various parts of which the cell is composed. 
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THE CELL. 

The cell is a chemical and mechanical nnit of stracture, the phe* 
nomena of which depend npon the pecnliar manner in which the terminal 
is constrncted. It is composed of the chemical elements, 0, H, 0, N, S, 
P, Na, ^ Ca, Mg, and Fe, arranged in some definite form, which is 
known as protoplasm. Within protoplasm certain chemical changes are 
constantly in progre&s with the liberation of energy— the direction of the 
energy depending npon the cell mechanism. As the blood, the common 
sonrce of chemical supply, is klways constant in its chemical constitu- 
ents and always contains all the elements of protoplasm, certain varia- 
tions in mechanism must occur in different cells in order to account for 
the differences in cell products and activities. Thus cells may secrete 
milk, bile, ptyalin or mucus, may excrete urea or water, may shorten and 
lengthen— causing motion, may divide and construct new tissue, or may 
liberate accumulated energy at the moment of irritation. They are not 
homogeneous in structure; but are composed of many parts— the func- 
tions of these parts added together forming the function of the cell. 
The cell is a complex structure. It always has two parts— cytoplasm 
and nucleus. The cytoplasm may comprise a limiting or cell membrane, 
spongioplasm, hyaloplasm, plastids, vacuoles, and metaplasm. The 
nucleus may contain a nuclear membrane, chromatin, achromatin, nu- 
cleolus, chromatin knots and linin. This makes a heterogeneous struc- 
ture exceedingly intricate in character. All of the parts above men- 
tioned are not found in every cell ; but every cell contains many of them. 
No two of them are precisely alike and hence do not have exactly the 
same office : so that if a variation in the i)ossession of the parts is pos- 
sible, a variety of functions must be allowed. A brief consideration of 
these various structures is necessary. 

Gdl Jlfemftran^.— Cytoplasm is almost midway between a liquid and 
a solid, perhaps it is just within the limits of a solid. The outer limiting 
membrane is the toalogue of the slightly condensed ectosarc of the one 
celled animals. An Enclosing membrane of varying density would be 

7 
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8 A CONSTRUCTIVE METHOD IN HISTOLOGY. 

advantageous to the semi-solid protoplasm or cytoplasm as it is well 
adapted to the purposes of protection^ osmosis and retention of the labile 
parts within. It would vary in density according to the movable or fixed 
character of the cell ; so that in a wandering cell the least degree of den- 
sity would be essential while in a fixed or vegetable cell the highest degree 
would be required and between these extremes all degrees would be found 
according to the nature of the cell. 

Spongioplasm cmd Hj/aloplasm.—The division of cytoplasm into two 
parts is the outcome of many observations made upon many cells. Dur- 
ing the early period of microscopical experience cytoplasm was generally 
considered as a homogeneous structure and within it was located the 
nucleus. Improved microscopes and technique however enabled differ- 
ent observers to distinguish two parts which have received many names 
—among them spongioplasm and hyaloplasm. By spongioplasm, is 
understood a reticular structure which stains with some aniline dyes and 
by hyaloplasm the labile, unstainable contents of the meshes of the 
spongioplasm. The structure of cytoplasm has been subject to several 
modifications according to different observers and to the character of 
the cell examined. Flemming described it as composed of a delicate net- 
work of fibrils enclosing the structureless hyaloplasm. The net-work 
was the spongioplasm. Altmann described it as made up of small gran- 
ules capable of nutrition, growth and division. This theory made cyto- 
plasm a cooperative community of individual parts, the combined func- 
tions of which established the function of the cell. Biitschli described 
it as alveolar in character, which condition was due to the presence of 
minute globules. He made emulsions of olive oil and found that the 
structure and appearance of the emulsion resembled the structure and 
appearance of cytoplasm so closely that in most instances it was difficult 
to distinguish between them. Later observation has resulted in the con- 
clusion that cytoplasm may be homogeneous, granular, fibrillar or 
alveolar according to the age of the cell and these different structures 
may be associated with graded processes of cell activity. Within the 
cytoplasm are found other bodies which are sufficiently permanent to be 
regarded as essential to the cell. Something of the importance of these 
bodies may be understood from the following descriptions of them. 
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Attraction Sphere and Centrosome.— The attraction sphere is a 
spherical body usually situated in the cytoplasm, sometimes in the 
nucleus, consisting of a circumferential and central portion. If the 
sphere is cut by a plane passing through its center, the intersection of the 
plane and surface of the sphere is marked by a circle of minute bodies 
called microsomes from which astral rays extend. The central part has 
either a finely reticular structure and varies in dimensions according to 
the dividing activity of the cell or a radial structure proceeding from the 
central granules. The reticular structure may give place to the radial 
as the ptocess of cell division with which the body is associated advances. 
In some cases the attraction sphere entirely disapi)ears during cell divi- 
sion and hence it cannot be considered as an indispensable body. 
^, . ^T?6n?ro5om6.— Within the attraction sphere is the centrosome which '}xjuiin^r. . 

V, ^^ is composed of one, two or more granules. This body has the power to • ; r t- ^ «<./ 
express its individual capacity by the properties of nutrition, growth, 
^...^and reproduction and accordingly behaves in these resi)ects as a perma- 
nent and essential part of the cell. When active it initiates the process 
of cell division and hence has been called the dynamic center of the cell 
In this capacity it has been thought by some to be the vehicle which con- 
veys a chemical substance which excites to activity the preliminary 
changes which start the procesb of cell division. But it is not always 
present and hence cannot be considered as the controlling cause of such 
an important act in cell life. 

Plastids.— These small bodies appear in the cytoplasm and exhibit 
the properties of nutrition, growth and division like permanent 
structures. In embryonic cells they are small and colorless ; but acquire 
new capacities as they develop in the growing cell. Some of them estab- 
lish the process of chlfiiophyll formation and are called chloropjastids : 
others the process of starch formation and are called amylo plast ids and 
still others, the process of p igment formation and are called chromo- 
plastids. They seem to preside over the formation of coloring matters 
or pigments which have a fundamental importance in the vegetable king- 
dom. 

FaotioZ65.— These are spaces filled with a liquid and are most com- 
mon in vegetable cells and in the protozoa. During the chemical 
changes taking place in metabolism small quantities of liquid may be 
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10 A COVBTRUOTIYB MBTBOD IN HIBTOLOGY. 

produced which collect in spaces, thereby enlarging and forming small 
cavities or vacuoles. In some of the protozoa the vacuoles are contrac- 
tile as though they had some part in the circulation of the nutritive 
liquids of the cell. In the higher animals the cells do not contain vacu- 
oles except in pathological conditions. 

Metaplasfn.-—'During cell metaoolism small bodies, g ranul ar in char- 
acter and pagfiivA in behavior, appear in the meshes of the cytoplasm. 
These bodies are included in the term metaplasm: it is not known 
whether they are foods in rgsfiiye or w aste matter. Cytoplasm then is 
a body having a fundamental structure which contains several other 
bodies dependent or independent, active or i>assive in character. Its 
wide departure from a homogeneous formation gives it a great range in 
fonction. It seems to be a cooperative society of individuals each one 
of which is engaged in the performance of a part for the better condition 
of the whole. 

Nuclet^.— The nucleus is a r ound or elongated body enclosed by the 
cytoplasm and presenting for consideration various strjictures. It 
qjfiTrft^ ft TTiMH nf prof.np]pAni ^ fiftll- It takes charge of anabolism or the 
qgnstmctive side of metiil>Qliflm . It makes coQ^fiBation of the living 
cell possible. Cytoplasm is capable of katabolism only and is able to 
continue itself until its chemical elements are exhausted, when it ceases 
to belong to living matter. The TmAlf^na ig i^flpflHy QiTigia^ but in a cer- 
^fj^Ti fpw ppllfl if iq rlnnhlA Increasing the number is very likely to 
change the function. 

Nuclear Membrane.—T!ldQ structure is a Ihjp, delicate membrane 
surrounding the nucleus. It may or may not take a stain and for this 
reason it is thought that its derivation may vary— sometiiQfia.^a]a^g 
from the c ytoplas m and sometimes from the ob romati n. In the latter 
case it would be a tmf nuf}1f«y afn^f^im^; while in the former it would 
not. Usually it disappears during the first stage of cell division by 
absorption of the chromatin and hence it may be considered in most 
cases as a part of it. It is always present in a resting cell and is evi- 
dently an indication of that condition. It forms the boundary between 
the formative and formed parts of the cell. 

Chromatin.— This is the most important structure of the nucleus, 
)ince u pon it d e pfndp ^^^^ ^iTnoJon ■aad^.continii atipn. Chemically it is 
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composed of Tiny. l^ini^^ fLRJd and a proteid . Staustmaily it is composed of 
th reads or ^p'aQ ules, In a living condition it is not affected by ferments. 
It is called chromatin because it takes a stain and its staining capacity 
increases according to its activity. By its increasing amomit mider 
stimulation, its transverse and longitadinal cleavages, its behavior 
toward the centrosome and spindle, it becomes so arranged that its ulti- 
mate distribution into two equal parts is known as indirect cell division 
or karyokinesis. Its relation to the cell is such that by virtue of its 
chemistry it causes the element N to maintain its carbon association and 
thereby its potential position. According to some cytologists it has been 
transferred from parent to offspring, from generation to generation, 
through all the ages of living existences and hence has been the medium 
through which the characteristics of protoplasm are maintained. 

-icfcromoim.— This is a colorless liquid without staining capacity, 
which occupies the spaces of the nuclear network. Little is known about 
it more than that it does not take a stain. It may be a nutritive liquid, a 
waste liquid or a supporting medium which, by its liquid condition, 
allows freedom of motion on the part of the chromatin during its 
activity. 

Nucleolus.-' A. small, round or irregular body suspended in the 
nuclear network. There may be one or many or none in a nucleus. It 
does not seem to be necessary to the existence or continuation of any 
living part. Two varieties are described— one which stains like cyto- 
plasm and the other like chromatin. The former is the true nucleolus 
while the latter are collections of chromatin. The real nature of the true 
nucleolus is unknown. Some regard it as a reserve fund of material 
which comes into use during nuclear activity. Others consider it as a 
product of chromatin activity. 

Net Knots {Chromatin Knots) .—Thes^ are small aggregations of 
chromatin produced by crossed chromatin threads ; they have, therefore, 
the same function as chromatin. 

IfWiw.— This is the fine reticular nety^ork which constitutes the suj)- 
porting framework of the nucleus. It api)ears to resemble the mesh- 
work of cytoplasm more than any other structure. It is somewhat 
granular in character and shows granules of different staining capacity. 
A difference in staining capacity indicates a chemical diffwence between 
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12 A CONSTRUCTIVE METHOD IN HISTOLOGY. 

bodies and this is often the only obtainable distinction between proto- 
plasmic structures. The nucleus, therefore, is a collection of different 
materials enclosed by a membrane. The chief one of these is chromatin. 
As a body it presides over cell phenomena. The nuclear parts, plus the 
cytoplasmic parts, all acting in harmony constitute the cell which may 
be regarded as a community, the affairs of which are governed by small 
boards of administration. 

Cell Division or Eepeoduotion. 

All living cells, vegetable and animal, divide into two or more parts. 
This act is essential to their continuation ; for if division did not occur at 
some time they would grow old and die. This remarkable behavior does 
not admit of explanation by itself. To say that cells divide from choice 
—inasmuch as the division is apparently a destructive process— is to 
grant an intelligence beyond that of the highest degree of the human 
mind. With all his courage and reasoning capabilities man, for example, 
would never dare to divide into two parts, if such an act were possible; 
for such a division would mean certain death to him. Such a tremendous 
process or act could only be the natural result of forces persistently at 
work in order to better the condition of the creature and not within the 
power of the individual. If cells remained the same in chemical mass 
they would remain the same in the exhibition of their phenomena and 
progress would become impossible; but they do not. Metabolism, by 
virtue of which chemical elements are constantly leaving cells and new 
chemical elements of the same kind but from a different source are con- 
stantly being added, produces an almost infinite series of variations and 
renders advance not only possible but actual. A cell cannot be precisely 
the same during any two successive periods of time, however short those 
periods may be, and if the chemical income exceeds the chemical outgo 
for any stated unit of time it will increase in mass and size. This is 
growth or the process by which a molecule of living matter adds to itself 
atomiQ groups of the same kind from the chemical substances of its envi- 
ronment and arranges them in forms like its own. As cells increase in 
size the relation of mass to surface will be changed and this upset in the 
ratio between mass and surface may cause division. As spherical bodies 
increase in size the cube of the mass is proportionate to the square of the 
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surface; so that the volume increases much more rapidly than the sur- 
face. As chemical elements necessarily enter through the surface there 
comes a time when the central part receives less than the exterior and 
death follows : but just at this time division occurs, two smaller cells are 
produced and the ratio is restored to the normal. Cell division, then, is 
the certain result of growth and therefore a primitive and universal 
attribute of living matter. Cell division also limits the size of the cell 
and establishes the metazoa. The immediate cause of cell division is 
beyond detection. Chemical combinations and separations are invisible 
although an observer may be satisfied that they have occurred as he sees 
certain unmistakable results. The nuclei of cells show plainly that 
changes have taken place in the chromatin and cytoplasm during divi- 
sion and these changes present different phases of a continuous process 
which may be considered as a progressive molecular construction. 

The cause of cell division must be attributed to the chemical ele- 
ments added to the chromatin and these elements, apparently at least, 
do not always appear to have the same power. The particular form in 
which the added elements have existed seems to make some difference in 
the energy capacity of cell protoplasm. Of the two types of dividing 
cells which occur in the body, viz., tissue and germ cells, the germ cells 
exhibit the greatest capacity for energy inasmuch as they possess the 
original fund of force which is transmitted to all other cells by some 
fixed law of distribution. As tissue cells undergo metabolism the new 
chemical elements are derived from the chemical substances of their 
environment as— the proteids, carbohydrates, fats, salts and water; but 
somewhere in the anabolic side of the process a slight loss is sustained 
either on account of chemical changes in the protoplasmic mechanism or 
of variation in combining powers, and age or diminution of energy fol- 
lows. The tendency on the part of tissue cells is toward a lowered 
capacity until death and decomposition take place and the old elements 
are brought into new, living forms again by the agency of sxmlight. 
During the ascent of elements from the ashes of metabolism through 
vegetation to animal protoplasm and the rise of N from an ammonia 
group to a carbon group an increased energy capacity is obtained, so 
that death and decomposition are preparatory stages of a rejuvenated 
condition— the sun acting as the lifting power. But when the elements of 
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14 A CONSTRUCTIVE METHOD IN HISTOLOGY. 

the chromatin of a sperm cell are added to the similar elements of the 
chromatin of a germ cell the death, decomposition and solar agencies 
seem to be abridged and a rejuvenating result is accomplished in a short 
time through the agency of this union which is known as sexual. Sex, 
then, is the chief difference between senescence and rejuvenescence in 
cell life and is a substitute for the long process involved in the death, 
decomposition and solar agencies employed to rejuvenate protoplasm. 
This may be expressed in outline as follows : 



H'SST] ssajp-ss- 



If the chromatin of one tissue cell could be added to the chromatin 
of another, doubtless rejuvenescence would follow—but this is impossi- 
ble and hence the long route through death to life. Any chemical body 
undergoing chemical action loses a part of its elements and likewise a 
certain amount of energy and neither its elements nor its energy can be 
reinstated without the help of some outside force. The protoplasmic 
molecule is very large and very complex and tends to run down. If one 
supposes that it conta^ 1,000 atoms and during its chemical actions it 
loses 100 of them the remaining molecule of 900 atoms would still be 
protoplasmic, but could not possess the same amount of energy as the 
original molecule of 1,000 atoms. Its phenomena would, also, be like 
the original but not the same. This is senescence and the fate of all 
living cells unless thwarted by sex. 

Vabtbtibs op Cell Division. 

1. Simple or direct division or amitosis. 

2. Indirect division or mitosis or karyomitosis or karyoMnesis. 
The primitive form of division as seen in the protozoa is the simple 

or direct. This may occur as a binary fission, a spore formation or a 
budding process. Spore formation and budding are modifications of 
simple binary fission. Simple or binary fission consists of the separa- 
tion of the cell into equal parts— the cleavage occurring in a longitudinal 
or transverse direction. It may occur in the active or cystic condition 
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of the cell. The nucleus is slowly elongated, then becomes dumbbell in 
shape, then is constricted to a mere thread and finally breaks into parts, 
eadi one of which becomes the new nucleus of a new cell. Then the divi- 
sion of the surrounding protoplasm follows. This is the common method 
of division in all protozoa except the Sporozoa which divide by spore 
formation. But this is simple division modified rather than a distinct 
method of division. Some unicellular animals enclose themselves in a 
cystic envelope which is a means of defense against surrounding condi- 
tions unfavorable in their nature. In this state the nucleus may divide 
into two, four, eight, sixteen or more parts in the same manner as it does 
when in an active state. By a continuation of the process a vast number 
of parts may be produced each one of which is extremely small in its 
dimensions and is called a spore. Thus, the process involved in spore 
formation does not differ from that of fission but occurs a greater num- 
ber of times within the enclosing caj>sule. In budding or gemmation a 
piece of the nucleus is pinched off from a certain part of the mother cell 
and becomes the nucleus of a new cell. If a vast number of buds are 
formed in this manner tiie result resembles that of spore formation. 
This is common among the Suctoria. Therefore it does not matter 
whether or not a cell divides by either of the above methods the process 
is essentially the same. From the fact that these modes of division are 
common among the earliest forms of animal life it may be inferred that 
they are the simplest modes of division, and yet there seems to be no 
adequate explanation of them because no visible changes are apparent 
in the chromatin in accordance with any recognized law. Cleavage does 
not indicate its cause by any visible act whatever and observation fails 
to detect the commencement of activity. 

Indibeot CBUi DrTisiON ob Kabyokinesis ob Kabyomitosis. 

This mode of division occurs in the majority of animal and plant cells 
especially of the higher orders. Much attention has been given to the 
relation of the centrosome to this form of division and the conclusion is 
that in those cases where it continues from cell to cell it may be con- 
sidered as the vehicle of some chemical substance which initiates mitosis 
or chromatin activity. But it is not always present and karyokinesis 
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does not seem to be affected by its absence. The present knowledge of 
this method of division is based upon the pictures produced by the chro- 
matin activity of the nucleus. Since chromatin stains readily it may be 
observed from time to time and although the chemical changes escape 
detection their results may be seen in the arrangements of the chromatin. 
Having once begun, a continuous, progressive series of changes takes 
place in the chromatin until cleavage occurs when the process terminates 
and a reversal of the new chromatin products to a resting condition is 
apparent. If four persons stand on the bank of a flowing stream, each 
one five miles distant from his neighbor, and each one describes the 
scene before him, it is evident, that four different views would be pre- 
sented while the same stream would be moving on through them all. So 
with the observers of karyokinesis. Different views are obtained ac- 
cording to the time and place of observation and these views are called 
the stages of the process. They are, perhaps, infinite in number, but are 
usually considered and described under four stages, viz., prophases, 
metaphases, anaphases and telophases, which may be examined under 
the following outline and in plate n. 

Cell Division. 

1. Simple Direct Division or Amitosis.—K primitive form of division 
common to the Protozoa. Probably binary fission occurs in the greatest 
number. Spore formation occurs in the sporozoa and budding or gem- 
mation in the suctoria. This form of cell division is not well under- 
stood. Apparently the centrosome does not divide and takes no part in 
the process. Chromosomes are not formed by a transverse breakage of 
chromatin loops. The nuclear substance undergoes a division of its 
whole mass without apparent cause. This form of division occurs fre- 
quently in pathological growths aud appears to indicate a retrogressive 
act. It is rare, if it occurs at all, in normal, physiological growths. If 
spirogyra be placed in water containing 0.5 % to 1 % of ether it divides 
rapidly by amitosis. If the same individuals be placed again in water 
they divide by mitosis : so that the character of the irritant causing the 
division governs the particular form of division which will follow. 

Varieties: Binary Fission.— The nucleus slowly elongates, becomes 
dumb-bell in shape, then constricted to a thread and finally into two equal 
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18 A OONBTRUOTIVB METHOD IN HIBTOLOOY. 

parts each one of which becomes the new nucleus of the new cell. The 
division of the cytoplasm then follows and the division is completed. 

Spore Formation.— The cell is enclosed in a cystic capsule and then 
the nucleus divides into a great number of very .small parts each one of 
which is called a spore. These spores, by growth and development, be- 
come new cells. 

Budding or Gemmation.— -K piece of the nucleus is pinched off from 
a certain part of the mother cell and becomes the nucleus of the new cell. 

2. Indirect Division— -Karyokinesis, Karyomitosis, Mitosis: 

Progressive Stages: Prophases, Plate H, figs. A, B, C, D, E, F. 
Metaphases, Plate n, fig. H. Anaphases, Plate 11, fig. I. Telophases, 
Plate n, figs. J, K. 

Prophases— Chromatic Changes.— The chromatin of the nucleus 
increases rapidly in staining power, loses its nel^like arrangement, ab- 
sorbs its nuclear membrane, resolves itself gradually into a convol^ted 
thread or closed skein or spireme which then thickens and shortens to 
form an open skein or spireme or wreath which then divides transversely 
into a definite number of straight or curved rods called chromosomes.^ 
Each species of plant or animal has a fixed and characteristic number 
of chromosomes and in all forms of sexual reproduction that number is ^ 
even. In sharks the number is 36. In gasteropods 32. In the mouse, 
lily, trout, salamander 24. In some worms 18. In the guinea pig, ox, 
onion, man 16. In the grasshopper 12. (PL 11, figs. B, C, D.) 

Prophases— Achromatic Changes.— The achromatin now becomes 
continuous with the cytoplasm. A fibrous spindle-shaped body appears, 
at either pole of which is a star or aster formed of rays of astral fibers 
radiating from a central point through the surrounding cytoplasm. In 
the center of each aster is the centrosome surrounded by a centrosphere. 
The centrosome divides into two similar halves, an aster forms around, 
each half, a spindle stretches between them and a body called the amphi- 
aster is formed. The chromosomes become attached to the spindle 
which pulls them around its equator. This entire structure is known as 
the mitotic or karyokinetic figure. (PI. 11, figs. E, F.) 

Metaphases— ChromrOtic Changes.— The chromatin net-work, which 
has been converted into a tangled thread and which is continuous in the 
form of a thread or discontinuous in the form of chromosomes, splits 
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thronghont its entire length into two exactly equal halves. (PI. IE, 
fig. H.) This is the most imi)ortant step in the process of cell division. 

Metaphases— Achromatic Chcmges.— The spindle exerts some control 
over the arrangement of the chromosomes since they are, with great 
regularity, distributed around its equator and along its meridians by 
virtue of some sort of attraction or mechanical connection. (PL 11, 
fig.H.) 

Anaphases—Chromatic Changes.— The chromosomes, in two equal 
groups, separate along the meridians of the spindle and become crowded 
together in two equal masses at the centers of the asters. (PI. II, fig. I.) 

Anaphases— Achromatic Cha/nges.—As these two groups of daughter 
chromosomes diverge they are connected by a bundle of achromatic 
fibers stretching across the interval between them known as Interzonal 
Fibers. These fibers are regarded as a central spindle within an outer 
mantle of spindle fibers to which the chromosomes are attached and 
which become visible as they separate. During this period a series of 
deeply stained thickenings appear in the equatorial plane of the central 
spindle called the cell plate. (PI. n, fig. H.) 

Telophases— ChromMic Cha/nges.—lEiSch daughter nucleus receives 
one half of the spindle, one aster with its centrosome and an equal num- 
ber of chromosomes and hence the daughter nuclei are of equal size ; but 
if the division of the cytoplasm which follows is unequal the nuclei also 
gradually become unequal— a fact which shows that the size of a nucleus 
is governed by that of the cytoplasmic mass. (PI. 11, fig. J.) 

Telophases— 'Achromaiic Changes.— As a rule the spindle fibers dis- 
appear. A portion of them, however, sometimes remains. The aster 
may disappear together with the centrosome or the centrosome may 
persist outside the nucleus and divide into two at a very early period. 
Constriction and division of the cytoplasm follow and the process is 
completed. (PI. n, figs. J, K.) 

Retrogressive Cha/nges.—FoHowmg the longitudinal cleavage of the 
chromosomes and their separation along the meridians of the spindle, a 
reversal of those changes, which led up to the cleavage, follows until the 
daughter nuclei show their chromatin in the resting condition of the cell. 
(PI. n, figs. L, M.) 
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TISSUE GENBBia 



Qbrm 
Gblls. 



1. Ovum. 
Plate V, 
Fig. 12. 



Cell Chakobb. 



2. Sperma- 
tosodn. 
PUteV, 
Fifria. 



DlyiBlon of 
chromatin. 
Extrusion of 
polar globules. 
Loss of one 
hair of the 
original nam- 
bor of diro- 
moBomes. 
Formation of 
female pro- 
nucleus. 



DiTision of 
chromatin. 
Loss of one 
half of the 
original nuitf- 
ber of chro- 
m osomes. 
Formation of 
male pronu- 
cleus. 



FOBMATIVB FmOCSSSIS. 



Union of 

and female 

pronuclei. 
Plate in» 
Figs. 1,2, a, 4. 



DiTision of the 
new cell and 
formation of 
the bU8to-{ 
derm. 
Plate m, 
Figi.5-11. 



DIVI8I02VS OF 
THB 

Blastodbem. 



1. Ectoderm 01 

Epiblaat 

Plate in, 

Fig.l€ 



Pabts op THB Body Dbbivbd fbom thb 
Thbbb Divisions. 



IMesoblastor 

Mesodnnu 

Plate m, 

Fig. 14. 



Z, Hypoblast or 
Entoderm. 
Plate III, ' 
Fig.ir 



Epidermis and appendages. 

Secreting glands of the sUik 

Epithelium of the mouth, saliTarj glands and 

nasal tract. 
Enamel of the teeUi. 
Lens of the eje. Retina. 
Epithelium of tho labyrinth of the ear. 
^ithelium of male, urethra except prostatio 

part 
The entire nerrous system. 

I Striped Toluntary musdes. 
Striped involuntary musdes. 
Epithelium of serous membranes. 



l.MeM>the-. 
liom. 



Epithelium of senlto-urinary sys- 
tem, except bladder and urethra. 



I Gonnectlye tissueSi 
Smooth muscle. 



«■/ "^ IJUQ) of blood, lymph ▼easels and 



I spaces. 

^ ^^^^\ ^^ »°^ ^'*>*« ^^^ **"* 

Epithelium of the thymus and thyroid. 

Epithelium of Ebstachlan tube and tympanum. 

Epithelium of the alimentary canal (mouth ex- 
cepted) and all the glands which open into it 
Liver and pancreas. 

Epithelium of the respiratory tract and all the 
gUinds which open into It 

Epathellum of bladder and prostatic urethra. 
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The animal body is a cooperative commimity of individnal parts all 
of which have a conunimity of interests. The investigation which leads 
one from a consideration of the whole to a consideration of the ultimate 
parts reveals the organization by which that commnnity of interests is 
maintained. The chemical elements of protoplasm, the chemical actions 
of these elements during metabolism, the chemical constitution of the 
waste matters of metabolism make it necessary that the same chemical 
elements be supplied to protoplasm in order that it may continue itself. 
The systems by which these elements are prepared, supplied and re- 
moved are the great systems of the body. The digestive system, be- 
comes a necessity because hydrations and solutions of substances con- 
taining the chemical elements of the body are essential ; the respiratory 
system, because oxygen income and carbon dioxide outgo are essential; 
the circulatory system, because a circulating liquid with the chemical 
elements in solution is essential ; the urinary system because the elimina- 
tion of waste matters is essential ; the genital system, because the con- 
tinuation of the species is essential ; the motor system, because change 
of location on the part of the animal and distribution of movable con- 
tents are essential ; the systems of special sense, because the selection of 
food, protection of body and welfare of animal are essential ; the central 
nervous system, because a central administration of community affairs 
is essential. All of these systems have been gradually evolved along 
the line of animal progress according to the requirements of animal 
mass. Systems, therefore, are collective assemblies whose united 
activities characterize the animal and express the phenomena of animal 
life. The individual parts which constitute the systems and which are 
responsible for their concerted activities are called organs. 

Tissues.— TIYlq word ** tissue'' has been generally adopted and is 
understood to mean one of the four structural parts of which the body 
is comi)Osed. They are all composed of cells and intercellular sub- 
stances and may be regarded as the building materials of the body and 
its various organs. For the most part there is difference enough be- 
tween them to render their identification possible. Each tissue is found 
to occur in several forms known as varieties. The classification of the 
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varieties is based upon the form which the cells and intercellular sub- 
stances have assumed and generally there are sufficient differences be- 
tween these varieties to enable one to recognize them. The four tissues, 
their varieties, descriptions, locations may be seen in the following out- 
lines and plates. 
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A CONSTRUCTIVE METHOD IN niBTOLOOY. 



EPITHELIAL TISSUE. 



Classification. 



1. Simple. 



Yaribtibs. 



1. PayementiBqaamoas, 
teaseUted, scaly, en- 
dothelium. 
Hate IV, Figs. 1, 6. 



Description. 



One tingle layer of cells 
united D/ cement 



Location. 



Blood Tc^cls, terous membranes and 
lymphatics, air cells, mastoid cells, 
capsule of Bowman. Fifth ventricle 
of bnUn. Posterior surCaoe of an- 
terior capsule of crystalline lens. 



^ ^yLSdfricS^""'^* J One sln^e layer of cellsj Alimentary canal columnar firom caiw 
Plat«IV, Figs.2.8. 



] united Dy cement 



1 disc end of stomach to anus. Ducts. 



8. Ciliated. 

Plate IV, Fig. 4. 



I One single 
I united Dy 



Ia iftVAr ftf mI1« I Uterus, half of oerrix uteri, Fallopian 

y oSlSt ] is!??. ^«°^,<^«» f 5"^f e Wthe 

rj VVU.WI.. j g|y^ central canal of spinal cord. 



2. Stiatifled. 



1. Parementk scaly, I Serersl layers of cells united 
tesseVJ • - -- 



squamous, 
Plate rV, Fig. 6. 



2. Columnar. 

Plate rV, Fig. 7. 



8. aUated. 

Plate IV, Fig. 8. 



by cement Deeper cells 
^ are columnar and flatten^ 
I out toward the surface. 



Epidermis, mouth, tongue, Tocal cords, j 
epiglottis, (BSophagu«L cornea, olfac- 
tory part of the nasal mucosa, exter- 
nal auditory canal, lower half of 
oenrix uteri, vagina, glans penis, 
anus, labia minora, female urethra, 
meatas urinarius of male urethra. 

^bJ'l^JSt ^'l^'S^ri^ I Parts of vasa eflTerentia. ooni rasculosi 
by cement Deeper ceus I ^ loatlde. pendulous male urethra 
round or polygonal, be-^ Sid upper £rt ofTcSymid duct 
^^n^cofumnar when| J^^d^P^i^'SSeJt flm 5^ ^ 

Lower part of lachrymal duct, res- 
piratory part of nasal mucosa, Eu- 
stachian tube, larynx, trachea, 
bronchi, epididymis, nrst part of yas 
deferens. 



{Same cell arrangement _ 
described aboye in the 
oolunmar type. 



8. Pseudo-strati- J ^^^^ ^' *^^ **" 
2. Ciliated. 

PUteV,Fig.l4. , entpUnes. 



fled. 



4. Transitional. 



r 



Polygonal, pear- 
shaped cells. 
Plate IV, Fig. 9. 



1 1. Cells of yarious types 

6. Polygonal, poly- which yary from 

hodral, gIan-{ those of a columnar 

dular. type to those of a 

I scaly type. 



J ^cS£'J^th*JSdef inTffiS^ ^"u'm^niJ ^"^'"^ *"^' *^°*- 
I ent planes. • P*""™ *** "w^" 

] In the number of layers 
midway between the sim- 
ple and stratified. Lower! Pelyis of kidney, ureters, bladder and 
cells are pear-shaped and] prostatic portion of urethra, 
dovetail into concave 
upper cells. 

Cells of no definite shape 
united by cement sup- 

£i^ranViiningU::?![dSiJ Acini of seci^ting gland, and tubular 
Sf^™ng Sands a^d« «°^^ «' glanduGu- structuie. 
the tubular units of glan- 
dular structure. 
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EtUhiUiLtn' 
•4 J, 




CtL^icai- 



Columnar CtlttmiMr 







rutumd. 



^it^iifiH |>ov«m«nt StYatified Colutnnur 

Q^Lthtliutn- ^^ithelium' 




&ttatUit4 tfaiKctional 
$tfaiifitd -fotrfiis. 



r«M«> 



PLATE IV. 
Thk DiFFimnT Vasiictiv^ qt |! fyrttH4 uy, 
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4. CONSTRUCTIVE METHOD IN HISTOLOGY. 



SPECIAL EPITHELIAL CELLBl 



YARimics. 



I>B9(atiPTioir. 



LocATioir. 



1. QoUeioens. 

Plate Y, Tip U 

X Aiaind. 

Pljitoy,Flf.2. 



a. Figment odii. 

y, Figa 8» 4, S. 



4. Oelb of cnrtUUlne lena. 
FUle y, Fig. e. 



Large, coUei or efaaltee^aped cells of 
the ooliimiiar trpe with dear protoplani' 
and an aoonmiuafeioo of maoua. 

I Fooi^ to dx-dded oofainma united 



On fuiheea oorered with oofaiinnar < 
oiliated eolnmnar epithdium. 



cement and containing 96)( of inoi 



1 adtn 



J PohrgoBd or poljhednl cdls 
I blaek pigment in vaiying amounts 



»iganfo-| 



Covering the dentine of the teeth ae 
peipendicalar prima. 

t Pceterior larlkoe of the iiia. 

2. Betina of tlie ere. 

a. Membranona labrrinth of the eai; 

4. Bete moooMun of the ddn. 

5. Cortied nbetanoe of the hali; 
8. OUhotorj part of tlie noee. 

7. Lamina iapzm ehoroldea. 



I A dn^ row of diort pdyhednl oellf 

1 ieni libera^ CiyddllBO Irnn. 



6. Keoro-epithelium. 
Plate y, #igi. 7, S,9,t%tL 



6w Oram. 

Plate y» Fig. 12. 



7. SpermatoaoSn. 

Plate y, Fig. IS. 



Odb of Tarloos duaee and aiaei placed 
between extemd •timoli and netre flben 
and 80 oondmcted that the nerre de- 
menta and epitheUd dementa are bleaded' 
into one odl which becomea a xeodver 
of 



t Bodi and eooea of the rethuk 

Platey,Flgfc7.8. 
2. Haircdlf of theoiganof CortL 

Plate y, Fi^ t. 
a. Olflwtorycdlfof thenamlfiMM. 

Plate y. Fig. lOi 
4. Q«datos7 cdls of the taete bnda. 
Plate y. Fig. 11. 

A round oeD diflbrlngfrom oCher cdls in 
the eqod dividon <^ its chromatin as it 

producing a third which derdopa under 
nsnd laws into the complete animal. 

I A oeD of the dliated tjpe with the i 
1 peculiarities as the oTum. 



"<TeeUde. 
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S^tCiaL EfiiMiam- 









E^itW«,^j^C^rf-i« v,r^cZ.^rHi^. ^Sr^'iVilX. 



^ 



fflMf»«l Cells. 






PLATE V. 

SpEOIAL FoBHS of EPirUBLIUM OCCVBKINQ IN THE GENERATIVE AND SeNSOBT STBTV1C9, 
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A CONSTRUCTIVE METHOD IN BI8T0L00Y. 



CONNECTIVE TISSUE. 



Yartrtibs. 



h Ljmph. 



2. Specialised 
oonnectiTe^ 
tiMue cells. 



Structubx. 



1. CeDs. 

Plate VI, fig. S. 

2. Intercellular sab- 

ftanoe or plaama. 



Description. 



yARiBim. 



1. Plj 



Igment 

Rate YI, Fig. 9l 



2. OsteoUasta. 

Plate YI, Fig. 14. 

8L Osteoolaata. 
Plate YI, Fig. 16. 



Small, edorlees cellt with large nudei and tmall 
amount of protoplasm called IrmpliocTtes, 
which may be antecedent fonns ox leucocytes. 

An intercellular liquid with the same composi- 
tion as blood plasma except that the proteid 
constituents are less in amount. 



Description. 



Bound or oral grannies of black or brown color 
packed tooether within tlie cells. Thej mar 
escape ana show the Brown ian moTement 
Alone they are colorless. They may be excited*^ 
'on or separation by nerre stimuli 



to ^ 
giring 



of any density. 



Location. 



1. Lymph spaces and 



i' 



1. Outer snrfaee of 

choroid. 

2. In the iris. 

S. On the pia mater of 
the upper put of 
spinal cord. 

4. In retiform tissue of 

some lymph nodes. 

5, Sometimes in the 

spleen. 

In thelacmsof bone. 
2. Beneath the perioe- 



^Flat cells with large nuclei and many branches^ 
They are the bone-fonning cells. 

jLarge ceDs with many nudeL They are the! '^ **J,*^y?5^ 
1 bonfr«beoibing cells. 1 ^Ji ^ 



4. Myel< 



Fig.l«. 

5. Erythrobhtfts. 

Plate YI, Fig. 17. 

6. Marrow cells. 

Plate YI, Fig. 18. 

7. Odontoblasts. 

Plate YI, Fig. 19l 

B. Pliagocytes. 

Plate VI, Figs. 6, 7, 

9. Neuroglia. 

Plaje VI, Fig. 2k 



•{ Large giant oeOs, not unlike the osteodasts. i Bone marrow. 

J Small red-tinted cdls resembling nndeated red j ^^ k»-^ ».••-». 
i Uoodoelli of the embryo. •{ Bed bone marrow. 

J Cells like the leucocytes except t*-.^ «hey have i »^_ «.,,«^ 
"i Urger, dealer protoplasm and larger nuclei, "i «««"«>««>▼. 



I Pulp caTiW of tooth on 
Long columnar odls with long and ddlcateJ 
processes. 1 



1 

I Spherical, nndeated, amcebold ceQs whidk de- 1 a„-p— i^_ 
9r\ stroy other cdl lift by thdrdigesUTe ability. l^Anywhere. 

I Cdls with many branches radiating f^om the , o._^^i««. 



if 

the dentinal sur- 



Aramewofk 
nerve tissue. 
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HomQUaCU^TYansitiow^i PoLynucitat Pigment CtU Mast CtU 




I 
I 



t 





rat Cctt. Ttnaon. £ai<tU«^€. OStcotZait O^teocio^t M^^ ( o|iUk 







Erytit»<»ifatt MAtiK>w ceil 



^0 



Rf<< fflood CtU ^ td^t views M^UYofUa CtU 



ConTl«CtlV€ tcSSttf CtiU 



PLATE VI. 

Thx Vabioub F0BM8 or Connsotivk Tissue Cells Occubring in Blood, Oonneotive Tisbites 

AifD Nebvous Stbtbh. 
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A CONSTRUCTIVE METHOD IN HISTOLOGY. 



CONNECTIVE TISSUE. 



Variktibs. 



I.White 

Fibroui. 

Plate Vn, Fig. 

1». 



Structubes. 



1. Cells. 



2. Interoellulmr 
Subetanoeor - 



I>E8CKimON. 



2 Yellow < 
Elastic. ^ 
Plate VII. Fig. 
20,21. 



1. Irregalar, Plate VI. Fig. 2. 

2. Branching, Plate VI, Fig. 2. 
8. SjDiodle, Plate VI, Fig. L 

&L;"iS^tee,^Pl^VI.Fig».«. 

6. Tendon, Plate VI, Fig. 12. 



I Fine, waTT, parallel, non-anasto- 
I mosing fibers which swell up with 
I aoetio add and yield gelatin on 
I boiling. Cement. 



1. Cells. -! ^•*' irregular in shape, often 
1 wrapped around the fibres. 



2. Intercellular 

Substance or 

Base. 



Large, anastomosing fibres which 
curl at the broken ends, do not 
swell up with acetic acid, do not 
yield gelatin on boiling; but do 
Yield elastin if high temperature 
Is prolonged. Cement. 



LOCATIOH. 



Occurs as 
1. Tendons. { Attach muscles to bone. 
I. Lig«n.nto. ^ ^"SSl.gTrt..'****" 

I Periosteum, perichon- 
drium, dura mater, pia 
8. Membranes. -< mater, serous mem- 
branes, sclerotic coat of 

I eye. 

4. Aponeuroses J Expansions which unite 
or Fasda. i musdes. 

8. Areolar J y^^^^x,^^ 
Tissue. i Eyerywhore. 

4. Tdlow I External ear, Eustadiian 

Elastic •< tube, epiglottis and cor- 

Cartilage. | njcula laryngis. 



CONNECTIVE TISSUE. -Cbn/tn«fed. 



Varirtirs. 



8. Areolar or 

cellular. 

Plate VII, 

Fig. 15. 



4. Muoous,em- 
brronio or 
gelatinous.' 
Plate VII, 
Fig. 16. 



5. Lymphoid 

or aaenoid, 

retiform or 

reticular. ' 

Plate VII. 

Figs. 17, 18. 



Structurr. 



A combination of white 
fibrous and yellow 
dastic tissues. Both 
Tarieties run in all< 
directions and present 
the same structure as 
the separate tissnes. 



1. Cells. 



2. Intercellular snh- 
stanoe. 



Drsckiption. 



A soft, fleecy, supporting or a flrm, 
dense uniting tissue of open or 
dose texture according as free 
motion or firm connection of the 
parts supported or united is re- 
quired. WhereTcr it is it is a tis- 
sue of spaces which hare given it 
its 



LOCATIOH. 



Bound, branching or spindle ac- 
cording to the stage or advance- 
ment present. 

In round cell areas has no structure, 
in complete cell areas has the 
structure of fibrous tissue. 



J 



Forms the subcutaneous tissue, the 
subserous and submucous coats 
of serous and mucous mem- 
branes, the sheaths of musdse. 
blood vessels and nerves and 
connects organs and parts of 
organs. If all the organs were 
removed it would form a model 
of them all. 



Found in umbilical cord of fcetas 
as Wharton's Jelly. Does not 
occur in the adult 



1. Odls. 



2. Intercellular iub- 
sUnce. 



Lenoocrtes or white blood cdls or 
lymph cells in the meshes of the 
retiiorm structure. 

Cells with delicate, unitincbranohse 
which enclose spaces and form the. 
Ihmiework of the tissue which is 
called reticular or retiform tissue. 
A lymphoid tissue then is a reti- 
form or reticular packed with 
leucocytes. 



Found at all the entrances to the 
body ; beneath the mucous mem- 
brane of the pharynx, tonsils, 
tongue, cesophagus, stomach, in 
the solitary glands. Fever's 
patches and villi of the small in- 
testine, in the solitary glands of 
the large intestine, in the mucosa 
of the appendix, beneath the 
mucosa of the laiynx, trachea, 
bronchi and uterus and in 760 
lymph nodes. 



Digitized by 



Google 



Adi^5€ tissue. 



^j^Une CartUa^€,. 



Mucous tiSSKtf. 



ti$$a«. 




tissue. 



Croti $€cUon of ^eUow H^ttic H^tut. 



PLATE vn. 
The Vabietixs of CoiTNECfnvE Tibbct. 
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A CONSTRUCTIVE METHOD IN HISTOLOGY. 



CONNECTIVE Tl3SUE.-CufMnued. 



Varibtirs. 



€. Adipose. 
PIftto VII, 
FIff. 11. 



7. Neoroglia. 
Plate VI, 
Fig. 24. 



Structtrr. 



1. Cells. 



2. Intercellular 
substance. 



Bkscriptiok. 



8. Cartilage, h 



1. Cells. 



2. Interoellalar 
Bubstanoe. 



Consists of sacs filled with oil. The sacs 
are the remains of connective tissue cells 
whose protoplasm has been changed to 
oil with their nuclei to one side. 



-{ Cement. 

I Cells with many radiating branches which 
-l unite to form the framework for the sup- 
I port of nerve cells. 

J A modified form of connective tissue fibril- 
I lar substance. 



LOCATIOK. 



Varibtibs. 



Structurb, 



1. Cells. 

1. Hjaline. J 

PlateVII.Fig.l2.-^2 j„4^^,„^^ 

substance. 



Dkscription. 



2. White fibro. 
PUteVII,Fig.l8. 



]- 



Cells. 



8. Yellow elastic 
Plate VI, Fig. 14. 



2. Intercellular 
substance. 



1 1. Cells. 



I 2. Intercellular 
substance. 



Round, oval and en- 
capsulated. 

Without structure'l 
and looks like 
ground glass. 



•{ Same as the hyaline. 

I A hyaline base con-- 
4 taining fibers of 
I white fibrous tissue. 



•{ Same as the hyaline. 



I A hyaline base mostiT J 
J transformed to yel- 1 
I low elastic tissue. I 



^ound everywhere In the body 
except in the lungs, eyelids 
and penis and within the 
skull. Beneath the skin it 
forms with the areolar tissue 
the Panniculus adiposus. 



Foil nd in nerve tissue as a sup- 
port. 



Makes np the thyroid, cricoid 
and arytenoid cartilages of 
the larynx, alse of nose, rings 
of the trachea, plates of the 
bronchi, unites the ribs to 
the sternum and covers the 
Joint surfaces of bones. 

Makes up the circumferential 
cartilaees of the hip and 
and snoulder Joints, oval 

i>lates in the loints of the 
ower law and clavicle.sickle- 
shaped plate in the knee- 
joint, intervertebral disks, 
sesamoids and grooves of 
tendons. 

Makes up the foundation of 
the ear. Eustachian tube, 
epiglottis and oornioula 
laryngis. 
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PLATE VIII. 
Cboss* Section of an Entire Bone Showing Micbosodpic Stbuctubes. 
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A CONSTRUCTIVE METHOD IN HISTOLOGY. 



CONNECTIVE TISSUE.— Om/inucA 



Varieties. Divisions. 



0. Bon*. 
Plate Vm. 



1. Oomptet, 
or Dense. ^ 



Description. 



2. Osnoel- 
lous or 
Spongy. 



Consists of Haversisn bts- 
tems united by lamells 
around which are sereral 
oircu inferential lamellK' 
and in the center of all Is 
the medullary canal con- 
taining marrow, blood- 
Tessels, lymphatics and 
nerves. 



Cancellous bone does not 
differ eBsentiallr flrom the 
compact. It nss more 
spaces in proportion to the 
bone structure than the 
compact There is no 
abrupt Une between- 
them. The spaces of the 
compact widen oat and 
those of the cancellous 
narrow down as one ts- 
riety changes into the 
other. 



Basis. 



HsTersian 
Systems. 



Stbugtorb. 



1. Lamelln, 
Plate VIII. 



2. Lacune, 
Plate VUL 



8. Canaliculi, 
Plate VIH. 



Description. 



Circular layers of true 
bone-products of the 
bone cells or osteoblasts 
surrounding Haversian 
canals or uniting Uav- 
ersian systems. 

I Minute spaces between 
the lamel)» containing 
the osteoblasts and Ar- 
ranged around acom- 

I mon center. 



Minute canals leading 
from one lacuna to an- 
other and tothe Haver- 
sian canals and con- 
taining the processes of 
the osteoblasts. 



A Tr.^«.«i.n I Oanals in the center of 

TCIJIt^ J Haversian systems for 

PlSSTviil. I ^« P*«*«« <>' ^^"^ 



passage 



Chbmistbt. 



Sixty-seven per 
cent mineral 
matter and 
thirty-three 
per cent ani- 
mal ' matter 
whidi yields 
gelatin on 
boiUng. Bbth 
are so blended 
that chemical 
action only 
separate 
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Tooth. 

PLATE IX. 
LonaiTUDiNAL Section of a Tooth Showing Micbosoofic Stbuoptuibs. 
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A CONSTRUCTIVE METHOD IN HISTOLOGY. 



CONNECTIVE TJSSUK—QmHnued. 



Teeth. 
PUtelX. 



Two Sets. 



1. Twenty tem- 
porary teeth. ^ 
Ten IQ eaoli'^ 
>w. 



YASnTIBS. 



4. Two second 
molan Two 
finimoUn. 



t. Twooaninee. 



r 



Thirty -two 
permanent 
teeth. Six- 
teen in each 
Jaw. 



. Two lateral 
inciaors. 



L Two central 
inoiaors. 



8. Two wisdom. 



7. Two second 
molars. 



6. Two first 
molars. 



6. Two second 
bicuspids. 



4. Two first 
bicuspids. 



8. Two canines. 



2. Two lateral 
indsors. 



1. Two central 
incisors. 



STRUOrURB. 



1. Membrane 
ofN^smyth. 



8. Ti'wtn^ l, 



Dkscription. 



Epithelial remains of the enamel organ 
coTcring the young enamel in the form 
of a thin membrane. It is soon worn ofll 



Prisma. 



I Hexagonal columns eztend- 
< ing firom dentine to sur* 



Lines 
Betsins. 



J Oblique lines 
through 



passin 
ename 



Ciirmistkt. 



h 



1 caused by periodic deposit 
I of calcium salts. 



Lines ofj 
Sohriger. 1 



Parallel lines caused by 
differences in refraction. 



96^ mineral 
matter. 

2 )( animal mat- 
ter. 



ft TkM.Hn« J Parallel fibers united by mineral cement j78)(mineral 



4. Dentinal 
tubules. 



1 extending from pulp caTity to enamel. \ matter. 

A system of minute, communicating 
canals, curring like the letter S. origi- 
nating in the pulp caTlty and ending in 
the interglobular spaces. They contain 
the prolonsations of the odontoblasts, 
called dentinal fibers. 



0. Sheaths ofJ Dense, mineral ground substance endos- 
Neumann. 1 ing the dentinal canals. 

I Irregular, branching spaces in the dentine 

6. Interglobu-J under the enamel where calcification 

Isr spaces ofS has not occurred. When small and 

Caermak. numerous they produce a granular ap- 

I pearance called granular layer of TDines. 

If^ AniMi fora. ! Aperture at the end of thefkng throngh 
*• ^™ '**""-( which blood-ressels and nerres enter 



and 



firom the pulp cavity. 



A bone structure, without Haversian 
canals, ooTcring the fangs. It contains 
a great number of 8harpey*s fibers un- 
calcified. Its lacune communicate with 
dentinal tubulea. 

A central cavity occupied by connective 
tissue fibrils, branched connective tis- 
sue cells, a semi-liauid ground sub- 
stance. At the surface is a layer of 
columnar cells — odontoblasts — which 
send two or more processes Into the 
dentinal tubules andone into the pulp. 

«<v n. . ^ X , I -^ fibrous tissue membrane which is the 
10. Peridental J periosteum of the alvM^us. continuous 
membrane. I with the cementum^d blends with 
I submucosa of gum. 

Blood-vessels enter by apical foramen. 



8. Cementum 
or crusts- 
petrosa. 



9. Pulpcavity.- 



11. Blood ves- 
sels. Lym-. 
phatics. 



12. Nerves. 



pass through pulp, divide into manv 
branches which become fkn-shapeo, 
then extend into a capillary plexus 
which spreads out between the odonto- 
blasts and dentine. Lvmphatics have 
not been demonstrated In the pulp. 

Some medullated nerves enter by the 
apical foramen, lose their sheaths, di- 
vide Into fine fibers which form a plexus 
under the odontoblasU Other medul- 
lated fibers reach the outer part of the 
pulp, lose their sheaths and form a 
second plexus communicating with the 
first; fiom this small branches extend 
between the odontoblasts and into perl- 
dental membrane. 
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CONNECTIVE TISSUE.— Cbn/i«w<d. 



Yarietiks. 



11. Marrow. 



Yabieties. 



1. Red. 



1 TeDow. 



Descriptiosi. 



A delicate, areolar tissue in whidi are found a few 
fat oclla, many marrow colls or leaoocytes, nu- 
cleated red blood cells and certain large cells with 
many nuclei called myeloplazes. Cells are some-* 
times found containing one or more red blood 
cells. The tissue is Ycry vascular. Bed marrow 
is one of the sooroes of the red blood cells. 

A delicate, areolar tissue as a supporting firamework 
j for blood Tessels and nerres in which are found a 
I great many fkt cells and other small cells rese 
I Dling leucocTtes. A iine, vascular, areolar tissue 
I lines the medullary canal called endosteum. 



Looanoir. 



Found in the spongy ends 
of the long bones, in the 
eranial "diplcB," in the 
bodies of tne vertebrs, 
the sternum and the ribs. 



Found in the canals of the 
long bones. 



VARIBTIEa. 



1. Intramembranoosi 



DESCRIFTIOir OF FOrmatiov. 



Bone 
Formation. 



1 Intncartllaginoiii. 



1. Model of Ihture bone in white fibroos tissue. 

2. Increased vascularity of the connective tissue. 

8L Connective tissue fibers become larger and less wavy. 

4. Become impregnated with granules of lime salts. 

5. Granules fill the fibers and form spiculs-osteorgenetie. 
%, Granules deposited between the fibers. 

7. Union of osleogenetic fibers forms a meshwoik. 

8. Osteoblasts are arranged within the meshes. 

9. Production of true bone by the osteoblasts. 

10. Extension of bone from the oenter by the oeteoUasta. 

11. Absorption of lime deposits by osteoclasts. 

12. Besuli— a flat bone. 

1. Model of the Ihtnre bone in hyaline cartilage. 

1 Enlaigement oToartilage oells and their arrangement In 
columns. 

S. Gslcification of the cartilage base and indosnre of car- 
tilage cells. 

4. Penetration of the sub-perioeteal tissue by sprouts of 

protoplasm. Fibers of Sharpey. 

5. Formation of Irregularly-shaped spaces by absorption. 

ft. Covering of the surftces of these spaces with osteoblasts.- 

7. Prodnenon of true bone tissue by the osteoblasts. 

flL Absorption of the eentnd pari by the osteoclasts. 

9. Formation of peripheral layers of bone in the same 

manner. 
lOl The bone-forminff cdls— osteobla st s and bone-absoib- 
ing eells—osteodasts— increase the dimensions of the 
forming bone by their combined aotivitlesL 
11. BesuU^-a long bone. 



Location. 



' Flat 



Long Bones.! 
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A CONSTRUCTIVE METBOD IN HISTOLOGY, 



OONNBCrriVE TISSUE.— Om/inued. 



Yabiktt. 



12. Blood. ' 



Stbuctube. 



LCeUa. 



2. Llauld inter- 
cellular Bttb- 
■tance or 

filaBma or 
quor san- 
guinis. 



YAKIBTIBa. 



1. Bed. 



Divisioxs. 



1. Bird, fish or 

pCeVI, 
Figs. 21, 2a. 



X Mammal and 



Dbscbiption. 



2. White or leu- 
coortes. 
Plate VI, 
Figs. 6, 6. 7,8. 



8L Blood plate- 
leU or third 
oorpusde or 
hamatoblasts. 



HateYI. 
Figs. 20^ 22. 



Bird, fish or 
reptfle. 



BioouTex, nucleated, ellip- 
tical disks Yarylnff in size. 
The PetromizonudA have 
the round cell. 

Biconcaye, non-nudeated. 
circular disks trom tISTOO 
to 1/12000 indi in diam- 
eter, composed of fattj 
pelide or stroma within 
which is hsmoglobin. 
Camel tribe has Oie elllp- 
Ucal oell, 6,000,000 per cm. 

Spherical, anueboid, nu- 
cleated bodies of Tarjing 
diameten, 1/SOOO-l/^OO 
indi. « 



2. ICammal and J s^ne as abore. 



1. Bird, fish orj 
reptile. 1 

2. Mammal and] 



I Small} disooid, amoBboid 
OTal bodies without odor, 
1/12500 indL 

I SameasaboTO. 



VARlETiaS. 



Polrnndear nentrophiles, TOji 
2. Small lymphocytes, 2(^. 
8. Large Irmphocytes, 2-4^ 

4. Cells with an irregulai^diaped 
nudous.%-4^ 

5. EosinophUes, l-Afi 
Peroentas^ vary. 



Structurb. 



1. Fibrin. 



2. Serum. 



Structure. 



1." Fibrinogen. 

i X Thrombin. 

8L Alimesalt. 
1. Water. 



Dbscriptiov. 



A globulin of the plasma obtained by half satnrat- 
' I mg plasma with sodium chloride. 

J Produced by the combination of caldnm salts, 
] prothrombin and a ferment. 

J Some salt of lime is necessaiT to formation of 
i fibrin. 



2. Serum albumen and serum 
^obulin. 

8w Inorganic salts. 
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8>»»oofA hiiisc/c CcZ/ 




PLATE X. 
Vabisties of Muscle. 
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A CONBTRUCTIVE METHOD IN BI8T0L00T. 



MUSCULAR TISSUE. 



VARIVTl«a. 



1. striped Yol- 
unUry. 



2. Striped In- 
Toluntarr. 

Plate X. 
Figs. 7, 22. 

3. Unstriped In- I 
▼oluntarji 

Plate 
Figs. 8, 9, 



Pi VISIONS. 



1. Fascicul 
Lacerti or 
BuDdles. 
Plate X, 
Fig. 1. 



Rtbucturb. 



1. Eplmjiiam. 



2. Perimyiiain. 



^ S. Endomytlum. 



4. Fibers. 



1. Saroolemma. 



Dbscriptiom. 



2. Fibers. 

Plate X, 
Fig».2.8 4.5, 

6 and 1. 



ConnectiTe tissue sfaeath around outside of a 
number of CueiouU. Plate X, Fig. 1. 

J ConnectiTe tissue sbeath around each fksd- 
1 ouius. Plate X, Fig. 1. 

I ConnectiTe tissue extensions from the peri- 
-{ mTsium between the muscle Abers. Plate 
1 X.Fig.1. 

I Cjlindrical bodies with round edges and al- 
•< ternating light and dark stripes trans- 
I Tersely arranged. Plate X, Fig. 1. 

J Structureless membrane around each fiber. 
1 PlateX,Fic.S. 



2. Saroostyles o r J Dirisions of the fiber longitudinally, 
muscle columns, i X, Fig. 4. 

8. Sarooplasm. •{ Cement uniting the saicostytos. 



Plate 



4. Sarcomeres. 



J Parts of the saroostyles between any two 
1 membranes of Knuuei Plate X, Fig. 5. 



5. Saroous elements. 

fi.I>obie*s Line, 
Krause mem-, 
brane. 

7. Hensen's Disk. 



8. NuoleL 



Parts off 
between any twoj 
light stripes. 1 
PbteX, Flg.fi. I 



Two series of tubes, 
each series extending 
firom Hensen's Disk 
to light stripe. 



Line or membrane in the middle of the light 
stripe. Plate X, Fig. 4. 

Line in the middle of the dark stripe. Plate 
X.Fig.8. 

Oblong bodies with little or no protoplasm on 
the under surface of saroolemma in mam- 
mals. In the fiber in fh>gs. Long aeries in 
the middle in insects. 

o AmM t,f rftbn- I Small polygonal areas separated by fine lines, 
he^ 1 They iw the cross Motions of the sar- 

I costyles. 



DsscaiPTioir. 



try. J 
9, 10. I 



Short, anastomosing fibers faintly striped transrersely, without saroolemma. with 
prominent nuclei and longitudinal striations. Sections should be cut parallel with 
the surface in order to make the stripes Tisible. 

Long, slender, spindle-shaped cells held together by cement. A long, blunt nucleus I 
is situated In Uie centor. The protoplasm is longitudinally stripM, the striaUons^ 



LOCATIOK. 



Skeletal 



being continued into the nucleus. 






Heart 



The walls of, 
the hoi- 1 

low ▼is-i 
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PLATE XI. 
Vauoxtb Ttfbs of Nebvb Cells and Fibebs. NsuBoif, Neuboolia« 
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A CONSTRUCTIVE METHOD IN HISTOLOGY. V 



NEEVOUS TISSUE. 



DivmoNS. 



1. Gray 
matter 
oroelli. 



Variictibs. 



1. OeUs of the 
first type. 



Dbscriptiom. 



2. Cells of the 
seoond type. 



2. White 

matter 

or fibers. 



1. Medullated. 

Plate XI, 

Fig. 2. 



Axis cylinders are oontinii- 
ous with those of the 
nerre fibers. 



Axis cylinders do not lesTC 
the tnray matter, but after 
diyiding and subdiridlng 
envelope the other nerve 
cells in their yicinity. 



Yabibtibs. 



1, Spherical. 



2. Wlipioidal; 



8. Pyriform. 
Plate XI, Fig. 9. 

4. Pyramidal 
PhOe XI, Fig. 7. 

6. Stellate. 
Plate XI, Fig. 8. 



fi. Neuroglia. 
PUOe XI, Fig. 6. 



DESOEIPTIOir. 



Large, round cells with nu- 
cleus and nudecdus. Uni-* 
pdar. 



LOCATIOK. 



Ganglia. 



elongated cells with | 
eus and nucleolusw-s Spinal cord. 
Bipolar. 1 



I Larm, pear^«haped cells I 
'{ with nucleus and nndeo-^ 
I lusw MulUpokur. I 

J Largei triangular cells with J 
"^ nucleus and nucleolus. 1 

I Large cells with nudens and J 

nudeolus and sereral'S 

I branches. I 

I Cells with many branches 
uniting to form a frame-* 
work. 



DlVISIOKB. BTRUCTURK. 



Dbscriptiov. 



1. FaniculL<{8. Endoneur-J Extensions of perineurium 



2. Fibers. . 



iu 

4. Fibers. 
Hate XL 
Fig.l7 



1. Nenrilenmia. 



between nerve fibers. 

I Prolongations of nerre cells 
conveying impulses to and 
from nerve centers. 

iA thin, stmcturelesiL nu- 1 
deated membrane indo»-J 
ing the nerve. Absent in-^ 
the white matter of the 
brain and spinal, cord. I 

o wkua .« k. I a ftrsmework of nenrokenip I 
Z White iub- 1 y^ j^ ^^ ^j^^ ^f ^u^ I 

°^\ is an oUy matter oalled] 
I myelin. I 



PSCUUARITIBS. 



stance 
Sdiwann. 



I Central, conducting part- 
S, Axis cylin-J extension of the cyto- 
der. I plasm of the nerve oelL 

I ^visible into flbrilla. 



4. Axol 



J Ddicate membrane sur- 
I rounding axis cylinder. 



2. Non-medul- 



PUiteXI, 
Fig. 8. 



1. Funiculi. •{ Same as above. 

L Neurilemma, i Not known to exist 



2. Fibers. ^ 



Constricted at in- 
tervals called 
nodes of Ban- 
vier. 

Absent at both 
ends of nerve 
and at regular 
intervals, nodes. 



An unusual pseo- 
dopodisl exten- 
sion of cell pro- 
toplasm. 



I A modification of 
the same sheath 
above described. 



Cerebdlum. 
Cerebrum. 

Splnsloord. 

In an V 
nerve tw- 
Bue as a 
support 



White mat- 
ter of the 
brain and 
spinal cord 
and most 
ofthecere- 
bro-spinal 
nerves. 



{Fibrillar plan more marked I 
than in the medullated. 
The nudd are embeddedJ 
in the outer pcurt of the 
cylinder. | 



ders. 



The number of 
nudei embedded 
in the outer part 



Chiefly in 
the sym- 
pathetic 
system. 



U'^ -i 



4. |£-4 c '.'' 



£/ j^ 



I 



U K ^ -^^ '^'^ ' *- "^-^ cU^^AJhiM^^ c^ 



\ 
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Cornea ^kovfcnf 



PaciniAM (rorf«isc/c- 



TactUe Cov|^teSc(< of (Kin. 



;fc 






Cim( y^Uir of Kr«4ii«. 






(manitml CoifftKU. 



>fCorc. 
in«<ffr 



E«4^litta«fi>***^* 



/ir«yv<. 



Cor, 
Xityt^ t«riit<n«t(«n<. 



FLATS Xn. 

The VaUOITB FOBMB of NEBHC TKBlONATIOIfP, 
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A CONSTRUCTIVE METHOD IN HISTOLOGY. 



NERVE TERMINATIONS. 



Ptj^k. 



The gcoeral 

Elan seems 
> be to 
>roTide 
he great- 
est area of 
axis cylin- 
der expan- 
sion by 
the most 
ecoDomic 
method* 



Organs. 



1. Tactile 
cells. 



Yariktiss. 



2. Tactl 
corpuscles.^ 



11. Cells vof 

1. Simple. HerkeL 
Plate XII, -{ 

Fig. 8. 2. Cells of 

i BanTier. 

1 1. Corpascles 

2. Compoand. of Urandry. 
Plate XII, ■{ 

Fig. 1. 2. Corpuscles 

I ofMerkeL 

1. Genital corpascles. 
Plate XII, Fig. «. 



Dkscriptioh. 



A simple expansion of axis orlinder 
applied to the surfaces of epithelial 
cells or terminating within 
shaped epithelial cells. 



pear- 



LOCATIOM. 



Two or more epithelial cells with the | 
axb cylinder expansion arranged be-{ 
tween them. | 



Epidermis of 
mammals. 



Epidermis of 
birds and of 



I A conneotlTe tissue 

core of polygonal cells 
I axis cyUnders ten 



lie inclodni 

an 
terminate. 



capsule inclodng a 
cells among which 



- \ 



'■] 



Penis and eli- 
toria. 



2. Articular corposdi 



8. Corpuscles of Meissner. 
PUte XII, Fig. 4. 



Oral, oonnectiTe tissue capaulea with i 
larm granular cores hairing many! S/noTial i 
uclei and one to four axis cylinders i Sranes. 



nuclei and one to four axis oylinders] 
terminating within them. 

I OonnectiTe tissue prolonged firom aoap- 1 
J sule spirally in membranous m ' 
] between which axis cylindera 
I expanded. 



laoap- 
I aepu J 
ra are I 



Skin of hands 



8. End 
bulbs. 



L Spherical and cylindrical. 
Plate XII, Fig. 6. 



1 Corpascles of Herbst 
'pUtoXn.Fig.flL 

S. Key-Betsius corpuscles. 



4. Pacinian corpuscles 
Plate XII, Fig. 2. 



4. End or- 
gans. 



1. Organ of Qolgi. 



2. Plexus of Meissner. 



I Elongated corpascles into the center of | Coni u n c t It a 
wmch axis cylinders pass to end in ans and mucous 
I expanded extremity. | membranes. 

I A connective tissue capsule with a cen- 1 Skin and mu- 
J tral oore nucleated on both sides into^ cous mem- 
I which axis cylinders pass. | branes of birds. 

J Intermediate between the Herbst and J Skin of the bills 
"1 Pacinian corpuscles. ") of birds. 

Twenty-flTe to fifty concentric conneo- 1 
tire tissue lamelie lined by endothe- »#.^„»^^ .«j 
Uum between which is serum. An axisS ^S?***^ "^ 
cylinder passes through the center 
and terminates in a bulD. I 

I Long, spindle bodies of tendinoos bun- 1 



I Long, spindle bodies of tendinoos bun- 1 
•I dies (used into one into which one or-{ 
I more axis cylinders pass. I 

I A gangliated plexus sending off fibers ( 
J to the epithelium of mucous mem-J 
I branes. ] 



Muscle attach- 
ment to ten- 
dons. 

Submucous 



«.PI«o.ofA««Uoh. -j^.fiSirmSidT'""^' *'"*"■ 



4. End plate of Toluntary | Granular matter containing many nu- 1 

muscle. -i dei and nucleoli in which axis cylin*^ 

Plate XII, Fig. 7. | ders aro embedded. | 



Between longi- 
tudinal and 
circular mus- 
I de of alimen- 
I tarycanaL 

Volu n tary 
muscle. 
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THE TUBE AS A STEUCTUBAL AND FUNCTIONAL 

UNIT. 

From simple observation of the animal body and its various organs 
in their natural positions it is evident that the tube forms a considerable 
part of them all. Bef erence to systems and organs^ in italics^ in the 
outline on pages 4 and 5, shows that most of them are tubes. Gross 
anatomy deals with visible structures such as the alimentary canal^ body 
cavities, trachea, large and small bronchi, arteries, veins and lymphatics, 
ureters and bladder, uterus. Fallopian tubes, vagina, urethra, vas 
deferens, etc., and all are tubes of varying diameters and lengths. 
Minute anatomy deals with invisible structures such as the acini of 
secreting glands, alveoli of the lungs, tubes of the kidney and testicles, 
blood and lymph capillaries, etc., and these are very small tubes of 
microscopic sizes. Consequently whatever observation one makes, 
gross or microscopic, he is always dealing with tubes, large or small. 
The tube then is common to the greatest number of organs and is there- 
fore a necessary part of them as a unit of structure. The development 
of the vertebrate kingdom from primitive forms of life also directs atten- 
tion to this fact. The small dimensions of the Protozoa enable them to 
continue themselves and exhibit their phenomena of life without the 
presence of a central cavity; but, as physiological division of labor ad- 
vanced in accordance with an increase of animal mass, a time came when 
a central cavity was necessary for the nutrition of the animal and from 
that time the tube became the basis of animal structure. It was fore- 
shadowed as far back as Euglena viridis, a single-celled organism in 
which there was a slight indentation in the anterior end of the creature 
and which was set aside as a food tube of entrance to the small body. 
This simple tube in the low forms of life, developing into a complex sys- 
tem in the higher and highest forms, indicates the line of ascent along 
which animal progress has made its way. The worm, tunicate, fish, 
amphibian, reptile, bird and mammal— chief divisions of the animal 
kingdom— all present the tube as a common, fundamental structure of 
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48 A CONSTRUCTIVE METHOD IN HISTOLOGY. 

the body and of most of its viscera. Embryological development also 
reveals the tube in all its phases. After fertilization has occurred and 
the blastoderm has been formed the whole period of prenatal life is con- 
cerned with tube formations and adjustments and when the creature is 
bom it is bom as a large tube within which are arranged, in the form of 
viscera, a vast number of small tubes of all magnitudes— the kind of tube 
produced depending upon the functional requirements of the animal. 

A definite structure as universally present in body formations as the 
tube must have a functional capacity equal in variety and importance 
to the structural ; for the phenomena of animal life are the complex, con- 
stant results of chemical action taking place in the fundamental struc- 
tures of the body. In as much as the basic tube presents such a variety 
of forms, it follows that it will also present a variety of functions pro- 
portionate to the character of the structural changes. We find, there- 
fore, that tubes exhibit such functions as digestion, respiration, absorp- 
tion, circulation, secretion, excretion, reproduction, progressive and in- 
termittent motion of contents— all of which depend upon their structural 
variations. Since the animal first started as a simple, single tube it has 
not changed except in the number of tubes and the complexity of their 
arrangement. Metabolism, growth, motion and reproduction have 
always been the essential attributes of life, and they have been possible 
only on account of the tube activities of the body. The tube supply is 
the natural outcome of cell demand. For example, nutrition is absolutely 
essential to cell continuation and therefore must be provided for. Foods, 
by which it is maintained, are, as a rule, not adapted to cell metabolism 
imtil they have been subjected to certain chemical processes. These 
processes are made possible by the concerted actions of many tubular 
systems such as the respiratory, digestive, absorptive, circulatory and 
excretory. Whenever or wherever liquids, gases or solids are to be pro- 
duced and directed to some definite point the tube is a self-evident 
structure. 

Plan of Tube Arr(mgement.--Tlie body is a large tube containing a 
prodigious number of small tubes which vary in diameters and lengths 
according to their functions. Some tubes are microscopic, others macro- 
scopic; but the plan of their arrangement is the same everywhere. The 
microscopic tubes are joined by connective tissue to form the principal 
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viscera while the macroscopic tuhes form the avennes of income and 
outgo for these viscera. Simple dissection determines that most of the 
great systems of the body conform to this plan, as for example— the 
respiratory, digestive, nrinary, genital and vascular. The respiratory 
system is composed of enormous aggregations of alveoli or small tubes 
joined by connective tissue to form the lobules and lobes of the lungs and 
of the small, medium and large bronchi, trachea and larynx which are 
large tubes of outgo and income for the gaseous products of metabolism 
aad chemical elements of nutrition. The digestive system is composed 
of vast numbers of small, tubular secreting glands united by connective 
iissue to form the functional part, while the alimentary canal as a whole 
is a large tube providing for the income of foods, their digestion and 
absorption, and the outgo of waste. The urinary system is composed of 
myriads of small tubes united by connective tissue to form the kidneys, 
and of the pelvis, ureters, bladder and urethra which are large outgoing 
avenues of escape for the urinary products. The genital system is com- 
posed of a large number of small tubes which united by connective tissue, 
form the testicles or ovaries and of the vasa efferentia, epididymis, vas 
deferens, seminal vesicles, and ejaculatory ducts or Fallopian tubes, 
uterus and vagina which are the large tubes of exit from those organs. 
The vascular system is composed of tubes of various dimensions which 
form a complete circuit in the body— the small capillaries being the seat 
of nutritive processes, the large arteries and veins forming the avenues 
of income and outgo which render those processes possible. The secre- 
tory system is composed of enormous collections of small tubes- the 
acini— united by connective tissue to form the glands and of the outgoing 
ducts which are large tubes of escape for the various secretions. Thus 
the viscera are all formed according to the same plan of arrangement and 
economy of space, protection of delicate parts, certainty of action and 
successful operation are secured by this arrangement. 

Formation of Tw6e5.— While analysis makes us familiar with parts 
of which tubes are composed, if the process of investigation terminates 
with the separation and identification of those parts, we have a knowledge 
which is useful but imperfect. Synthesis of the parts is essential to com- 
plete that knowledge and afford us a proper conception of the whole 
structure which can not be obtained by mere application of the analytical 
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method. If we have discovered that all organs are composed of tissnes 
and have not attempted to construct those organs by means of those 
tissues, we simply have discovered a collection of materials which are 
without purpose or significance. There are four tissues in the body; 
epithelial, muscular, connective and nervous, and each tissue is divided 
into several varieties. The varieties are the ''building materials'^ and 
present fixed peculiarities which give to them important values both in 
chemical and mechanical constructions. .They are combined in many 
ways according always to design, and tubes are constructed the walls of 
which are usually described as composed of coats. The coats are com- 
posed of layers and the layers of tissues. A coat or layer is known or 
determined by its predominating tissue, although, strictly speaking, 
almost any coat may contain all four tissues. Thus, by a connective 
tissue coat is understood a coat in which connective tissue can be seen as 
the characteristic tissue. Muscular coats may have several layers and 
different varieties of muscle but muscular tissue is the predominating 
tissue. Epithelial coats may have several varieties of epithelial cells, 
may include a connective tissue base and possess some kind of muscle, 
but epithelium gives to it its importance and hence charactervses it. In 
the formation of tubes from tissues we may begin with the simplest form 
which* occurs in the body, viz : the one layer tube, an example of which is 
the capillary and by a process of tissue addition arrive structurally and 
functionally at the most complex variety which may be seen in the four 
coated tube, an example of which is the alimentary canal. The one layer 
tube is composed of one, single layer of pavement epithelial cells united 
by cement and is the simplest cell structure in the body; while the four 
coated tube has nearly all the tissues and many of their varieties. Be- 
tween these two extremes of structure occur other tubes of varying thick- 
nesses depending upon the tissues present For convenience they are 
named according to their structural composition as: one layer, one 
coated, two coated, three coated and four coated tubes. See Plate XJLLa. 
Having some knowledge of tissues— their structure and purpose— it is 
only necessary to employ them as building units in order to construct 
any class of tube which may be desired. A one layer tube is always 
composed of one layer of cells and tissue additions are made according to 
the demands in each case and in no instance is anything more added than 
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is needed to adapt the tabe to the office which it has to perform. In as 
mnch as there are many varieties of tissnes, perhaps twenty or more, all 
of which seem to have different purposes, it is evident that a constructed 
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PLATE Xna. 

Diagram Showiitg the Ooitstbugtion or ths Five Classes of Tubes bt Tissue Additioits. 
Taking as a foimdation the one layer tube, which is purely an epithelial tube, and adding 
to the outside a basement membrane, then a connective tissue base, then a muscular coat, 
then a muscularis mucoee, and all the tube classps with their component tubes may be 
constructed. 

tube will exhibit many functions. The tissues and their varieties are 
represented in the following seven plates. They are in the form of 
layers and coats which are curved. Visceral tissues are for the most part 
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arranged in circular form on account of the tubular character of their 
structural units. Most all of the epithelial^ muscular, connective and 
nervous tissues of viscera are therefore situated on curved surfaces or 
enter into the formation of the walls of cylindrical tubes. We must 
think, therefore, of the tissues as always extending in directions equally 
distant from a central point. Tissues in layers and coats are numbered 
and described in the table which follows the plates. The colors represent 
the haematoxylin and eosin stains and the numbers are the same as those 
which appear at the left of the case models. Coats of tubes are known 
by the following names: connective tissue, muscular, sub-epithelial or 
sub-mucous and epithelial or mucous. Plates .XMI-XX which follow 
show the various varieties of the tissues in the form of coats and layers 
drawn on the same curve and numbered for constructive uses : 
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PLATE XIII. 

Connective Tissues as Outside Goatb, Sub-epithelial Coats with ob without Secbetino 

Glands, Peteb's Patches, Solitaby Glands and Bases of Epithelial 

Coats fob the Constbuction of Tubulab Obgans. 
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PLATE XrV. 

Tranbykbsk, Longitudinal and Oblique Latebs or St&iped and Smooth Musgub, Thick and 
Thin, tob the Constbuction of the Musculab Coats or Tubulab Obqans. 
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PLATE XV. 
Epithblial Stbuctubes fob the GoNBTBuonon OF THE Epithelial ob Muoous Meubbawes 

OF TUBULAB OBQAKB. 
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PLATE XVI. 

Epithelial Structures for the Construction of the Epithelial Coats of Mucous 

Membranes. 
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PLATE XVII. 

Epithelial Stbuctubes for the Construction of the Epithelial Coats ob Mucous 
Membranes of Tubulab Organs, 
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PLATE XVin. 

ConinEonvs Tissuk, Epithelial aio) Neubo-eptthelial Steuotubes fob the Ck>n8TBXJonoir 
OF Gebtain Goats of Tubulab Oboanb. 
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PLATE ZDL 

CtonACUTivs T188UB ASD Neubo-kpithklial Stbuotubes fob thx OoNSTBUonoif or GknAnr 

Sfigzal Obgans. 
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MODELS NUMBERED AND DESCRIBED. 



1. Connective tissue. 

2. ConnectiTo tissue enclosing sweat g^ds, tactile oorpusdes, Mood Teasels, nenrea and lymphatica. 
8. Layer of striped Toluntaiy muscle in tnuisrerao section. 

4. Layer of striped voluntary muscle in longitudinal section. 

5. Layer of smooth muscle in transverse section. 

8. Thick layer of smooth muscle in longitudinal section. 

7. Very thin layer of smooth muscle in transverse section. 

8. Layer of smooth muscle in longitudinal section. 

9. Layer of smooth muscle in transverse section. 

IOl Vascular layer of smooth muscle in longitudinal section. 

11. Layer of smooth muscle in longitudinal section. 

12. Layer of smooth muscle in longitudinal section. 

13. Layer of smooth muscle in oblique section. 

14. Layer of connective tissue with blood vessels, nerves and lymphatics. 

15. Layer of connective tissue with secreting glands, blood vessels, nerves and lymi^iatics. 

16. Layer of connective tissue with glands of Brunner, blood vessels, nerves and lymphatics. 

17. Layer of connective tissue with Beyer's patches, blood vessels, nerves and lymphatics. 

18. Layer of connective tissue with solitary glands, blood vessels, nerves and lymphatics. 

19. Basement membrane. 

20. Layer of connective tissue with blood vesseli, nerves and lymphatics. 

21. Homogeneous layer. 

22. Layer of granular epithelial cells. 

23. Layer of stratified pavement epithelium. 

24. Layer of compound tubular glands with short necks, long bodies, chief and parietal cells. 

25. Layer of compound tubular ^ands with long necks, short bodies and chief cells. 

26. Layer of crypts of Lieberktfbn and villi resting upon a connective tissue base. 

27. Layer of incomplete crypts embedded in lymphoid tissue. 

28. Layer of crypts of LieberkQhn resting upon a connective tissue base. 

29. Layer of erectile tissue. 

80. Layer of simple cubical epltheillum. 

81. Layers of stratified, transitional epithelium. 

82. Layer of simple, ciliated epithelium in tubular glands resting upon a connective tissue cellular base. 

83. Layer of simple, ciliated epithelium in folds resting upon a connective tissue base. 
34. Layer of simple, cubical epithdium. . 

85. Layer of elastic tissue, connective tissue'lmd endothelium. 
36. Layer of stratified, ciliated epithelium. 

87. Layer of stratified pavement epithelium with undulating lower border. 

88. Layer of two rows of pavement epithelium— outer mostly non^udcated— inner nucleated. 

89. Layer of simple columnar epithelium. 

40. Layer of endothelium (not in section). 

41. Layer of sustentacular cells, sperm cells and spermatoxoa. 

42. Germ cell enclosed in embryonic epithelial cells. 

43. Layer of stratified pavement epithelium witli border cells of columnar type. 

44. Layer of stratified pavement epithelium. 

45. Layer of simple cubical epithelium. 

46. Layer of stratified pavement epithelium, mostly without nudeL 

47. Layer of stratified, dilated epithelium with long cilia. 

48. Layer of stratified columnar epithdium. « 

49. Layer of rodded epithelium. 
60. Layer of polygonal epithelium. 

51. Layer of a modified form of connective tissue. 

52. Layer of connective tissue endosing c-ahaped rings of hyaline cartilage and secreting glands. 

53. Layer of connective tissue endosing plates of hyaline cartilage and secreting glands. 
64. Layer of nerve fibers. 

55. Layer of nerve cells. 
66. Inner molecular layer. 

57. Inner nuclear layer. 

58. Outer molecular layer. 

59. Outer nuclear layer. 
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MODELS NUMBERED AND DEBCBIBED.— Cbn/<ntre<I. 



Ml Layer of rods and oonea. 

61. Lajer of pigment odU. 

62L Layer of simple peeudo-stiaUfied ciliated epltlieUam. 

63. Layer of hair oells and sostentacular cells. 

64. Layer of hair cells, pillar cells and sostentacolar cells. 
66. Layer of oUwtory cells and sostentacular cells. 

66. Layer of simple pseado-stratifled colomnar epitheliam. 

67. Layer of simple ciliated epitheliam. 

68. Layer of simple cabical epithelium. 

691 Layer of stratified columnar epitheliam. 
70i Layer of oonnectiTe tissoe. 

71. Layer of connectiTe tissae with pigment cells and many blood ressels. 

72. Layer of nerre fibers, nerre cell^ ganglion cdls, rods and cones and pigment cells. 
78. Thin layer of oonnectire tissue. 

76. Layer of simide cabical epithelium. 

76. TUn layer of smooth muscle in outer cross and inner longitudinal sections. 

77. Layeis of connectiTe tissue and endothelium. 

78. Layer of connectiTe tissoe opon wtdch are blood capillaries embedded in the andcr surfitces of respiratory 

epitheiiuro. 



Some confusion may arise in the usual distinction between a coat and 
a layer. As a matter of fact exact lines of distinction between the two 
are not drawn. A coat may be a layer or a layer may be a coat. In gen- 
eral a coat is composed of layers and hence is thicker than a layer. How- 
ever, both terms are merely convenient terms to call attention to a general 
fact concerning tissue thicknesses or masses and not to a fixed number 
of cells or fibers or a definite thickness or a mass of tissue, which is 
always capable of measurement. 

Arrangement of Tubes in Five Classes.— The different tubes vary in 
structure to a considerable extent; but if we examine them all and 
classify them on the basis of structural agreement we will find that nearly 
all of them, however widely apart they may appear to be, can be arranged 
under five classes which will be found to differ from each other by the 
presence or absence of some distinguishing part. The same functional 
requirements call for the same type of tube formation, so that if we know 
where a tube is and what it does we can build the type of tube which 
belongs to that location. A general tissue formula of construction is 
employed in order that tube types and not tube specialties may be made. 

The five classes of tubes, constructed on a general formula, and 
examples of them beginning with one layer and increasing to four coats 
may be arranged as follows : 
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Ttp» of Tubs. 


FoBMAnoH OF Tubs. 


EXAMFUL 


1. One-Ujtr tabe. 




Caplllarj. 




1 JE|>ith«Uum. 


Aeinl of anj aeoreting 
gland. 


t. Two-ooated tube. 


, J Epitheliom. 

1 I ConneetlTe tisine moloiring c-*luM»«d riom of hTtUne 
^ i carUlage and McretiBg gluidB. 


Traehea. 




. J Epltheliam. 

2. -{l^oMl*— one,twoortlurMla7«n. 
1. •{ConneeUTetlBrae. 


Epididjmla. 


6. F<mP-«oiit«dtabe. 


^itheliam. 

Moiole— one or two Ujen— mnicolaris muooa«. 

• ; AieoUr time wltli blood TeMeU, nerree and 17m-. 
^ ) phatict with or without McretlnfgUnda. 

a. -{MQaole— two or three layen. 

1. -{ConnectiTetiastte. 


Pylorieatonaoh. 



Outlines.—The tubes of the body are constructed in outlines which 
are printed upon the two inside cardboard leaves of the model case. 
They are divided into five classes and into non-motor and motor tubes. 
In the construction of all tubes a general tissue formula is employed as 
a matter of convenience. Each class of tube and each tube is constructed 
by building from the outside toward the center. The outlines exhibit the 
design according to which each tube is constructed. The words in italics 
call attention to those structures which characterize the organ. The 
numbers at the right are model numbers. It is thought that a design will 
create an incentive to build and induce one to demonstrate his personal 
conclusions concerning mechanical formations. An illustration of the 
outlines in their application to tubular structures may be seen in Plate 
XX which follows. 
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PLATE XX. 
Outluvss Afpukd to the Stbuotubal Fobmation or ths Fivk Tube GLUMns. 
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Mechanics,— li is thought that a knowledge of the simple principles 
of mechanics is essential to a clear comprehension of histological struc- 
tures, tubular in character; for the very existence of tubes implies 
mechanical actions. The tubes of the body are flexible tubes and the flow 
of liquids through them is governed by certain natural laws. In sections 
for microscopic study the purposes of the structures seen do not appear 
and hence no particular reason for their occurrence is apparent. If, 
however, the mechanical possibilities of tubes are known the structures 
of which they are composed immediately become reasonable and conse- 
quently easily remembered. It is evident from tiie nature of tubes that 
they have contents and that the contents must, sooner or later, be set in 
motion. A tube without contents would be useless and also a tube with 
stationary contents would defeat the object of tubes as mechanical struc- 
tures. The contents of tubes necessarily implies the presence of some 
moving force. In any tube the motion of its contents may be due to a 
force from behind or to the walls of the tube itself or to both. On 
account of this intimate relationship between the tubes and their contents 
a division into non-motor and motor tubes is one of necessity and one 
that actually occurs. 

NovrMotor and Motor Tw6e5.-- Examination by means of the micro- 
scope reveals such a division. By a non-motor tube is understood a tube 
which is provided with no apparatus for setting in motion its contents. 
Contents are tiie products of chemical activities of those cells which form 
the linings of small tubes. Most of the small tubes which form the 
various viscera, in which a great variety of cell products is produced, are 
of this kind. A product must be formed before it requires removal and 
during its formation the force which arises from accumulation is 
sufficient to give it a start. After this some special motor power is 
necessary in order to convey it from its source to some other definite 
point. 

By a motor tube is understood any tube which is provided with some 
definite apparatus for the purpose of producing motion of its contents. 
All of the products of the viscera must be moved as rapidly as they are 
formed or the hydrostatic pressure of accumulation will of necessity 
check their formation. Hence the large tubes leading from the viscera 
have some form of moving apparatus. There are three varieties : muscu- 
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lar-motor, ciliary-motor and muscular-ciliary-motor. In the muscnlar- 
motor tubes, muscle is the motor power and in most cases is smooth 
muscle. In the ciliary-motor, cilia of ciliated epithelium constitute the 
moving force and in the muscular-ciliary-motor both forms are employed. 
There is still another passive form of motion, as may be seen in the recoil 
of elastic tissue, but this is devoid of the active force which is exhibited 
by the other two forms. 

Bjiowledge of the non-motor and motor division of tubes serves a 
useful purpose in the estimation of their functional and structural capac- 
ities. When we study sections of tubes under the microscope we see 
them not as they occur in the living body but as they appear after they 
have been killed, fixed, hardened, stained and mounted on slides. Under 
these circumstances we are quite likely to think of them as inactive struc- 
tures serving the purpose of mechanical conduits whereas just the oppo- 
site is true. Tubes are living structures composed of living tissues and 
are always in a condition of activity. Their division into non-motor and 
motor tubes conveniently expresses their division into chemical and 
mechanical activities. Physiological division of labor accounts for the 
peculiar function of any organ. In the non-motor tubes, that particular 
form of physiological division of labor is present which results in the 
formation of a chemical product ; while in the motor tubes it results in 
the mechanical expression of motion. This division, then, will enable us 
to think of the small, visceral, non-motor tubes as chiefly engaged in 
chemical activities and of the large, conducting, motor tubes as chiefly 
engaged in mechanical activities. 

Furthermore, this division enables one to locate two of the most 
essential tissues which enter into the formation of any tube, viz : muscle 
and epithelium. First, none of the small visceral tubes will have muscle. 
All the large conducting tubes (trachea and large bronchi excepted) will 
have muscle. The variety of muscle in nearly all cases will be smooth 
and arranged in one or two layers. This fact greatly facilitates their 
construction. Second, all tubes, great or small, will be lined by epithe- 
lium, the particular kind present depending upon its functional capacity. 
Motor or ciliated epithelium will not be found useful in tubes whose chief 
' function is secretion or excretion and hence does not line the acini of any 
secreting or excreting gland. Neither will it be found in tubes whose 
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epithelium is osmotic^ sncli as the alveoli of the lung and the vascnlar 
system. This leaves only a few places where it does occnr, such as the 
larynx, trachea, bronchi, nasal ducts, uterus. Fallopian tubes, epididy- 
mis. Eustachian tubes and first part of the vas deferens. It is found in 
these tubes because their motor character requires it The great major- 
ity of the visceral tubes of the body are, therefore, lined by epithelium 
whose functions are secretory, excretory, absorptive, non-absorptive and 
protective, and this epithelium is polygonal, polyhedral, columnar, tran- 
sitional and pavement. Secretory and excretory epithelium is polyg- 
onal, polyhedral and columnar; absorptive is columnar and endothelial; 
non-absorptive is transitional, and protective is pavement This also 
facilitates tube construction as their non-motor and motor character 
enables one to decide what variety of epithelium is present. The classi- 
fication of the tubes of the body according to their non-motor and motor 
capacities is given in the outline which follows. 
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OUTUNB OP NON-MOIOR AND MOTOB TUBEa 




KiKD OF 

Tubs. 


MOTOB 

Appabatub. 


Clam OF 

TUBEL 


Obgahb. 








None. 


One layer. 


CkpOlariee. 


Liquid. 






«<«^ i F]ateX3UL 


Tulmll seminifeiL 

TubuU uriniftol. 

Ciyptsof lieberkfllm. Gastric gM^s. 

Serous membrsnes. 

Graafian folUdes. 

Skin. J 

HairfoniGle. 

VesUbule-utrioulus-eaoeulus. 

Cochlea. 

Nassl mnoosa (olftotory pari). 

Acini of secieiing glandsT 


Small Uquid. 






Plato xxzm.' 


Vagina. 

Upper ureters, pelrls of kidnef. 

Lower uretorsL 

Urtoanrbladdei; 

GaU bladder. 

Small artei7. 

Small Tein. 


nLdlUquid. 


Tabei.. 




Muscular, h 




Lann ducts. 

SenOnalTesiidei. 

Uiethra. 

Yas defexens (seoood part). 

Gaidiao stomadi. 
Pyloric stomach. 






» 




Plate XXXVI.^ 


^^■" 








j«^unum, nenm. 
Large Intestine. 






2. Motor. 




Two-eoated. J Tnushea^ 
Plate XXVialLaigebronolit '* 


[Small liquid 
andlaigegsa- 
1 eons. 






Caitty. 


Tjinpaiium of ear. 
One-eoated. Eustachian tube. 

Nasalduet 


Small Uquid. 








Uterus. 

Epididymis. 

Medium bronohL 

Small bronchi. 

Yas deferens (ftist part). 








ollimry. i Plate XXZIY/ 


LaxgesdUdaad 
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CONSTRUCTION OP TUBULAR ORGANS BY MODELS. NUMBERS ARE MODEL NUMBERS. 



Organs. 



NOH- 
MOTOK. 

No. 



CftpillariM . 



Tubull semioiferi 

Secreting glanda: Thvroid 

Parotid 

Submaxillary and aubliugual .... 

Sub-ep thelial 

Cilauda of stomacli 

Crypts of Lieberkahn. 

Liver 

Pancreas 

S^ ■ * ' 

Hi 

M 

M 

L 

P 

C. 

N 

B 

G 

T 

P 

D 

D 

H 

A 

Ii 

D 

Ji 

D 

A 

Q 

Si 

H 

SI 

V II 

s< 
o 

LavnuiMi B«o 

Nasal olfactory mnoosa 

Nasal duct, upper.. 

Serons membranes 



Tympanum of ear.. 

Eustachian tube~ 

Nasal duct, lower 

Nasal respiratory mucosa ... 



TTrachea and large bronchi.. 



Vas deferens (2d part).. 

Upper ureter 

Lower ureter 

Urinary bladder 

Vagina 

Artery-vein- 

I^rge lymphatic 

Gallbladder- 

l4trKe duct 

Seminal yesicles. 

C-orpus spongioiAim 



Medium bronchus. 

Stuall bronchus 

Vasa efferentia of the testicle .... 

Epididymis 

Vasdeferenn (1st part) 

I'^alloplan tube 

Uterus 



OVB- 

Laybb 
Tubs. 



Onb- 

COATBD 

Tubb. 



NOH- 
MOTOB. 



Nos. 



19.41 
19.34 
19.50 
19.50 
19.50 
1989 
19 80 
60 
19 45 
19.75 
19.50 
19.80 
19.50 
19.50 
19.50 
19.50 
19 60 
19.50 
19 80 
19.68 
19.49 
19.49 
19.30 
19 80 
19.81 
19.76 
19.49 
19.80 
19.89 
78 
78.42 
19.89 
1.19.48.88 
2.87.22.21.46 
1.84 A 1.68 
1.68 A 1.63 

1.64 
15.66 

1.65 
16.28 

1.77 



Omb- 

COATSD 

Tubb. 



Ciuabt- 

MOTOB. 



Nos. 



15.62 
1.62 A 1.3 
15.36 
1.86 



Two- 
OOATBD 

Tubb. 



CiLIABT- 

Motob. 



Nos. 



Thbbb- 

COATBD 

Tubb. 



MUSCULAB- 
MOTOB. 



Nos. 



52.73.19.36 



1.5.8.9.73.69 

1.8.9.78.81 

1 5.8.9.78.81 

L6.8.9.78.81 

1.9.12.20.28 

Ln.85 

1.12.77 

L7.12. 78.19.89 

1.7.12.73.19.89 

1.9.12.73.66 

1.29. 73.69 A 81 



Threr- 
COATKD 

Tubb. 



MCTSCULAB 

ClLIABT- 

MOTOB. 

Nos. 



53.8.78.19.36 
1.8.78.19.67 
1.7.12.73.36 A ( 
1.7.12.73.47 
1.5.8.9.73.36 
; 1.9.12.20.83 
;i. 5.10.9.20.82 



FOUB- 
COATBD 

Tubb. 



MUSCULAB- 
MOTOB. 



Nos. 
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GO 



(X)N8TBUCTI0N OP TUBULAB ORQANa— Cbn/inticd. 


OSGAMS. 


One- 
La YBR 
Tube. 


OVB- 1 OXTB- 

CoATBD I Coated 
Tube. | Tube. 


Two- 
Coated 
Tube. 


Thse»- 

COATBD 

Tube. 


Thrre- 

COATED 

Tube. 


FOUR- 
COATED 1 

Tube. i 


Noir- 

MOTOK. 

No. 


NOK- 
MOTOB. 

Nofl. 


ClUABT- 
MOTOB. 

Kos. 


ClLIART- 
MOTOB. 

N06. 


MlTSCULAB- 
MOTOB. 

Noa 


MUSCUI^R 
ClUARY- 

Motor. 
Nob. 


MuscuijkR- 1 
Motor. 

Nos. 


TJoDer (pflonhafftifl 














1.3.4.15.76.73.28 

1.9.ai5.76. 73.28 

1.9.8.13.14.76.73.24 

1.5.6.14.76.73.25 

1.9.8.16.76.78.26 

1.9.8.17.76.78.26 


TiOW^^r OMiopnagus 








Cardiac stoma^i ' ' 








Pyloric Btomaoh...., 








Duodenum ' ' 








Jejunam ileam ' ' 








Jjugfi intestine. 










1.9.8.18.76.78.28 
1.9.8.2a7.27 




f 










* 1 




. . 





1 EYE^ADAPTATION OF THE TUBR 1 


Organs. 




OnkCoat. 

NON-MOTOB. 




Retina 

Cornea 

Coataof eye-baU- 


'54.55.56.57 

58.59.60.61 

44.19.51.21.80 

|70.71.72 



We may consider the non-motor tubes first, as these are the simplest 
in structure and naturally become fundamental in more complex forma- 
tions. The one layer and most of the one coated tubes belong to this 
class. 

One Layer Tubes, Non-Motor (see Plate XXI).— The one layer tube 
is composed of one single layer of pavement epithelial or endothelial cells 
united at their edges by cement. To this class of tube belong only the 
blood and lymph capillaries. On account of the single layer of cells 
forming their walls, they must necessarily be incapable of great strength 
and are therefore very short. They are also but little greater in diameter 
than the blood or lymph cells which pass through them. The blood capil- 
laries form those parts of the vascular system intermediate between the 
arteries and veins, and here it is that the processes, by which nutrition 
is maintained, are carried on. 



Digitized by 



Google 



70 A CONSTRUCTIVE METHOD IN HISTOLOGY. 



0»w £aij«** ta^$. ho n- motor. 

PLATE XXI. 

A Small Pobtion of the Ciboulation Showing a Shall Abtebt, Capillabt Plexus akd 
Small Vein. (Numbers in all plates are model numbers.) 

The single layer character of the walls of these tubes adapts them to 
the osmotic or secretory conditions, as the laws of osmosis and secretion 
require very thin animal structures between interchanging liquids. 
Whatever passes out of the blood or into it must pass through this ex- 
tremely short portion of the thinnest part of the circulatory system. 
Anything more than a single layer of pavement cells in the structure of 
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these tubes wonld defeat the whole process of nutrition and elimination. 
Since it is the simplest variety of tissue which is found in the body and 



PLATE XXII. 

Thirtt-onb Onb-Coated, Non-motob Tubes in one Diagram, Showing Latebs Common to 
THEM ALL. (Numbers are model numbers.) 

has a definite function, it may be taken as a fundamental type of tube 
formation. It does not follow from this that the same kind of epithelium 
must form the lining of all tubes ; but that some form of epithelium must 
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be found there. To this may be added other tissues for protection, sup- 
port, vascular supply, motion and form, and the remaining four classes 
of tubes may be constructed. (See Plate XX, fig. 40, for the capil- 
lary, and the remaining figures of the same plate for the construction of 
other tubes; also case outline of a one layer tube.) 



PLATE XXIII. 

FouB One-Coated Ciliabt Motor Tubes in One, Showing Latebs Common to them att., 

(Numbers are model numbers.) 

One Coated Tubes (Non-Motor and Ciliary Motor) (see Plates XXII, 
non-motor ; XXIII, ciliary motor— mic. and XXIV, XXV, XXVI— mac). 
—The next form or class of tube, somewhat more complex in formation 
and function than the one layer tube, is the one coated tube. It may be 
formed from a one layer tube by adding directly to its outer aspect some 
other varieties of tissue. In the construction of this tube from a one 
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layer tube a general tissue formula is employed and not a special or 
restrictive one; that is, tiie one layer tube is understood to be not an 
osmotic or absorptive tube restrictively but a tube of any function which 
gives character to the organ by virtue of its own particular epithelium. 
It has two layers, one epithelium and the other some variety of connec- 
tive tissue. 

The epithelium may be of any variety and the connective tissue may 
be in the form of a basement membrane, structureless in character or in 
the form of areolar tissue or base, containing blood vessels, nerves and 
lymphatics, with or without secreting glands. These tubes are, for the 
most part, small and constitute the structural units of most of the vis- 
cera. They are joined by connective tissue and form such organs as the 
kidneys, testicles, ovaries, secreting glands and lungs, or they may be in 
large expanded areas as in the skin and serous membranes or they may 
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be in the form of a prolonged tube enclosed in a bony canal aa in the 
internal ear. At first thought it may seem somewhat confusing to asso- 
ciate as belonging to the same class of tube such structures as the acini 
of secreting glands^ internal ear and skin; but if we consider them from 
the viewpoint of their functional operations^ we shall see that the first 
are secreting organs, while the last two are sensory. The structural 
requirements of these two classes of organs are essentially the same; 
that is, the functionating part must be as near to the blood current as 
possible. This type of tube, therefore, is adapted by structure to func- 
tions of secretion and special sense. Secreting glands are all constructed 
on the same plan, viz: a basement membrane with a circulation on one 
side of it and some variety of epithelium on the other. This arrange- 
ment brings the functional epithelium aa near to the blood stream as it 
is possible to get it. It is as essential that neuro-epithelium should be 
close to the blood stream as it is that secreting epitiielium should be, for 
all highly organized cells require such positions. To this class of tube 
belong chiefly the secreting organs and the organs of special sense, as : 



Seoretory: 

Tubuli uriniferi of the kidneys, 
Tubuli seminiferi of the testicles. 
Graafian follicles of the ovaries, 
Alveoli of the lungs. 
Acini of secreting glands. 
Small ducts. 



Smsory: 

Vestibules, utriculi, sacculi, semicircular 
canals and oochlese of the ears; skin, hair 
follicles and serous membranes. 



Under the microscope a small, simple, isolated tube in cross section 
is not as easily identified as the large complex one; for example, it is 
difficult if not impossible to identify in cross section the ascending por- 
tion of Henle's loop of the kidney or a blood capillary if they are ob- 
served by themselves without reference to adjoining parts, while the iden- 
tification of the oesophagus, uterus or artery is a simple matter. That 
is, in order to be easily recognized under the microscope, any organ must 
have a sufficient number of tissues arranged according to a certain fixed 
plan, to give that organ a distinctive character. This arrangement has 
more to do with the act of recognition than a single cell or any single 
part. We seldom see one kidney tube or secreting gland acinus in cross 
section^ but many of them united by connective tissue, so that when one 
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SENSORY SYSTEM. 


Oboah. 


DrvKiowB. 


Subdivisions. 




Stbuotubb, 








1. Skin. -1 Like the structure of skin elsewhere^ 






1. Pinnm 


tSkin. "{Same as elsewhere. 






2. External^ 


2. CSartih«inons part i YeDow elastic. 






anditoiy eanat 


a Glands. i 






1. ExterMl , 
ear. 




4 Bonjpart 

1. Lamina propria. 


Oonnectl^ tissue ilbers 

ndiatinff firom the peri- 

1. Outer layer. -< pherr or the tympanum 

to the attachment of the 

headofthemaUeua. 

1 inner Uyer.^Co;i-^^,SS3y.^ 






a.Membrana 
tymiMUii. 


1 Cutaneous Ujer. •{ Like skin elsewhere exoepi that it is thinner. 

1 1 White ffinroQS tis- 
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1. Tunica propria. M 2. Y Aow elastle tls- 






a Mneooslajer. 


1 sue. 






2. l^theUum. 1. •{ Polyhedral ceDsi 






1. Bone and periosteum. 








1. WaU of the 
trmpanio ear-* 




1. Tuniea pro- J A tissue iMonUing lym- 
pria. ') phoid. 


8.EA1; 




itj. 




Polyhedral cells otct the 

lE^theUum.. SSlSSd "^SfiSeTe^ 
whMte. 
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1. Bone and periotteom. 








X Martoldeella.^ 


|1. Gonneoti^ tissue. 
2. Polyhedral epitheUom. 




2. Middle 
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8. Secondary 
^mpanlc me»-^ 2. Lamina propria. 

a EndotheUnm. 


It ConneotiTe tissue. 
1 Polyhedral epitheUum. 

( ConnectiTe tisMie. 
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[Stirrup. 








1. Framework. 


t Bone. 
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S. Eustachian, 
tube. 




1 TwmnMkiA J *• Connective tisBoe. 
L Tympanic -j 2, GiUated epAthdiom. 








T ■— ■■— ■! ) !• GonneotlTe tissue. 
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SENSORY SYSTEM,— OonHnued, 



Obgan. 



Inter- 



Divisioxs. 



1. Bonj 
labyrinth. 



Description. 



Outside bony 
wall or tiie 
whole inter- 
nal ear. 



X Perllvna- 
phatic 



Space between 
Dony laby- 
rinth and 
membranoas-* 
labyrinth 
filled with 
Uqnid. 



8. Trabeen- 

iK. 



Prolongation! 
from the 
periosteum 
of the outer 
bonv wall ez- 
tenoing be> 
tween that 
wall and the 
central mem- 
branous tube. 



Divisions. 



t Cochlea. 



2. Vesti- 
bule. 



Subdivisions and Structubb. 



1. A tapering bone tube wound spirally around an axis or modiolus. 



I Central, smalL triangular 
2. Ductus coch- I attached by oase to the 



1. Tunic of white fibrous 
tissue. 



learis or scala<{ wall of bone tube and by thc-{ 2. Pavement epithelium. 

opposite border to the spiral | 8. Cubical epithelium 



parUy. 

8. Scala vestib-J Superior dlTislon of perilym- J 1. Periosteum as a base, 
nil. 1 phatic space. "^ 2. Endothelium. 

4 Scala tym-J Inferior division of perUytn-j 1. Periosteum as a base, 
pani. "^ phatic space. '\ 2. Endothelium. 

m MAmhrftiiAi 1 1. Endothelium, 

of Smi#? ■< On« ■'^ ^ dnotus cochlearis. -{ 2. Connective tissue base, 
of Reissner. -) -^^ Polyhedral epitheUum. 

6. Basilarmem-J Tlie other side of the ductus! J- S?S; ?1 2^*2; 



brane. 



1 



cochlearis. 



< 2. Cells of Hensen. 
I 8. Cells of Claudius. 



7. Crista basi- 
laris. 



•J Ridge to which basilar mem-J frKi^v«««<i ntt.4/^<n.n. 
1 biSme is attached. 1 TWckened periosteum. 



^Iwda.* ^""^'^ A richly vascular structure. J I^thdium on both sides of 



Vi 



Limbus. 

Basilar membrane. 



J 1. Thick periosteum. 
] 2. Neuro-cpithelium. 



1. Zona teota 
or inner 
zone. 

2. Zonapecti- 
nati or outer 



Neuro-e pit he- 
lium. 



2. TunnelsJ Space beneath! Filled with 
of Corti. I the rafters. ] semi-fluid. 



8^ Pillaiiw 



11. Inner — J 6^600 in nwn- ' 
short 1 her. 



2: Outer — 
I long. 



J8»8S0 in 
i her. 



). Ductus coch- 
learis. 



10. Organ 
CortI 



11. Hair cells 
within the 
arches of 
Corti. 



12. Cells of Dei- 
ter. 



1. White fibrous 

2. Polyhedral epithelium except over the maculae cribosc and 
acustioB. 

8. Macula cribosa. J Regions receiving ends of auditory 

4. Macula acustica. l nerve. 

5. Sustentacular cells— pigmented. 

6. Hair J Columnar, pigmented cells with spherical nuclei and 
cella. I a single hair projecting Arom the free ends. 

^l^^^S^mT^ A duct between the saccule and utricle. 

8. Poster lor J Larger than the saccule— same in structure. Has the five 



Columnar bodies with oval nudei and granular 
protoplasm from the outer ends of whi<£ prq|ect 

Three or four rows of columnar oell& with ex- | 
panded, rounded ends fh>m which project 20 hairs. 

1. Epithelium ending in end plates and resting upon basilar | 
membrane. 

2. Long, columnar cells with spherical nuclei and pyramidal 
ending. 



2. Outer. 



1. Anterior 
saccule. 



TJ\ ^ 

ntride. | openings of three semicircular canals. 

4. Otolith mem- 1 Membrane of otoliths, ear stones or crystalline bodies ero- 
brane. i 1>^^®^ ^^ ^ *^^ gelatinous substance covering the free sur- 

I Cue of the neuro-epithelium of the saccule and utricle. 
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8EN80BY SYSTEM.— aw»«nii«l. 



Orgak. DivraiONS. Dbscriptiox. : Divisioivs. 



Inter- 
nal ear. 



4. Mein- 
bnmocis 
liOyyilnth. 



Central 
bianous tube 
of the whole 
Internal ear. 



8. Semi- 
circular 



Subdivisions and Stbucturb. 



1. External. 

2. Saperior. 
8w Posterior. 



and 
end in the 
utiide. 



1. White flbroas tiasne base. 
2* Polyhedral epithelium. 



[Dilated parts I 

8. Am- J near the en-J 

polla. I trances to | 

I thetttride. I 



CrisU 



Uca. 



4 Auditory 
nerrei 



1. Yestibnlar. 



i: 



Areaofneuro-i 
epithelium 
as a peroep-' 
tive appara- 
tus like other 
similar parts 
in structure. 



Cochlear. 



\: 



Brandies communicating laterally with the spiral canal of 
bony lamina. 
Baoiating bundles extending to the nenro-epithcllnm. 



of the one coated tubes is built tip with the models it does not seem to 
resemble the pictures of the text books or of the microscope. It is only 
necessary, however, to isolate one tube of the microscopic picture for 
comparative study. In fig. 40, of Plates XVII and XX, the blood 
capillary is represented longitudinally and not in cross section for the 
reason that a simple pavement epithelium or endothelial cell in cross sec- 
tion is not recognizable on account of its extreme thinness. The one 
layer and one coated tubes, with few exceptions, do not have a motor 
apparatus because none is required. In the secreting organs they con- 



PLATE XXV. 
One-Coated Tube. Non-motob. Membbanoub Labteinth of Intebnal Eab. 
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PLATE XXVI. 

Diagram Showing KionsY Tube aito its Connection with thb Ciboulation. 
(Numbenr are model numbers.) 
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PLATE XXVII. 

Thbxe-cx>atkd Tubes— Medium and Shall Bbonohi — ^Musculab-Ciuabt Motob. Two- 

ooATED Tubes Labtnx, Tbacuea, Labgb Bronohi — Ciliabt Motob. 

Kespibatobt System. 
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stitute the manufactories of the body secretions and excretions which do 
not need a moving apparatus until the products are formed and forced 
away from their sources by the force of accumulation. (See Plate XX, 
figs. 19 and 50, and case outlines of one coated tubes ; also Plates XXIV, 
XXV and XXVI.) 



PLATE XXVIII. 

Two Two-coated Ciliary Motor Tubes in One, Showing Ck)AT8 and Layers Common 
TO Both. (Numbers are model numbers.) 

Two Coated Tubes, Ciliary-Motor (see Plates XXVn and XXVIH). 
— A two coated tube is formed by adding to a one coated tube **C'* 
shaped rings of hyaline cartilage which are enclosed in the outside con- 
nective tissue coat, which has also secreting glands. To this class of 
tube belong the trachea and large bronchi. 

The characteristic difference between this tube and the one coated 
tube is in the presence of the cartilage rings (see Plate XXVIH). The 
essential requirements of this class of tubes are two ; that they constantly 
be kept open and that their very small liquid contents be moved towards 
the upper end. The first requirement is met by the cartilage rings, the 
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second by cilia. A muscular coat is unnecessary. Between the ends of 
the rings a very little smooth muscle is found, arranged in longitudinal 
and transverse layers. This muscle, however, evidently takes no part in 
the propulsion of the contents. The two coated tubes are therefore 
ciliary-motor. (See Plate XX, figs. 52, 73, 19 and 36, and case outline 
of two coated tubes.) 

Three Coated Tubes, Mv^cvlar-Motor and Muscular'CUiary'Motor 
(see Plates XXVII, XXIX, XXX, XXXI, XXXH-mac, XXXIH, 
XXXIV— mic.).— These tubes are mostly large and visible to the naked 



PLATE XXIX. 
Three-coated Tubes. Vagina — Musculab Motor. Fallopian Tubes and Utebub, 

MUSCirLAB-CILIART MOTOR. 

Female Genital System. 

eye. They may be formed from a two coated tube by taking out its 
cartilage rings and adding one, two or three layers of smooth muscle in 
the form of a coat. The two coated tubes are the only ones the diameters 
of which must of necessity remain unchanged and hence the only tubes 
having cartilage rings. They may be looked upon as unique tubes pro- 
vided with one variety of connective tissue for the special purposes of 
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one location and the cartilage rings can be removed without essentially 
changing the character of tube formation. It is thought best to separate 
the trachea and large bronchi which are outside the lungs from the 
medium and small bronchi which are inside the lungs, because structur- 
ally and functionally they differ so widely from each other. The trachea 
and large bronchi are simply open tubes for the free income and outgo 
of air, their constantly open character being the essential one; while the 
medium and small bronchi are open tubes kept open by over-lapping 
cartilage plates, and subject to changes in diameter according to the res- 
piratory requirements. The volume of air in the trachea and large 
bronchi must always remain about the same, while in the medium and 
small bronchi it must be subject to control according to variations in the 
oxygen income. Therefore, the trachea and large bronchi are open carti- 
lage tubes incapable of changing their diameters by means of a muscular 
coat, while the medium and small bronchi are open cartilage tubes capa- 
ble of changing their diameters by means of a muscular coat. 
The organs which belong to the three coated tubes are : 

Medium and small bronchi, Fallopian tubes. 

Arteries, Uterus, 

Veins, Vagina, 

Large lymphatics, Vasa-efferentia of testicles. 

Large ducts. Epididymis, 

Gall bladder. Vas deferens. 

Seminal vesicles. 

Ureters, 

Urinary bladder. 

Urethra. 

These tubes are muscular-motor and muscular-ciliary-motor. They 
are adapted to a progressive or intermittent motion of their contents and 
hence some have muscle, others cilia and muscle. The muscular coat 
may have one, two or three layers. The uterus, vas deferens, lower 
ureters and bladder have three layers. The Fallopian tubes, vagina, 
epididymis, seminal vesicles, upper ureters and large ducts have two 
layers. The arteries and veins have one layer. 
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PLATE XXXVII. 
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PLATE XXXVIII. 
Diagram of Foub Liver Lobules Shqw^no Circulation. 
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PLATE XXXIX. 

Diagram Showing the Circulation trom Aorta to Inferior Vena Cava Through Kidnkt. 

DivicdonB of a kidney tube, microsoopie seetion of kidney, pelvis, ureter and bladder. 

Drawing is extremely schematic 
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LOCATION OF TISSUES IM TUBULAB OBOAKa 



E^PTTHBUlTlf. 



SOfPUE. 



Payxmxht. 



CiLIATBD. 



OOLUMHAB. 



CUBICAU 



POLTOOITAI. 
POLTHKDBAU 



SDIPLB PUUDO-flTBATIFIEDl. 



OOLUMHAB. 



Chjatxix 



Entin tmcoIat 
and lymphatic 
systemsi aeroQt 
membrftDes. 
ftlTOoll ox 
longs, oapaulee 
of Bowmmn, 
TMtiboli, 
trxnpuil 
ofoochlea. 



Utenu, Fallo- 



AlimeDtftT7 



Neoki, loops of 
H e D 1 and 
strai^t por- 
tions of taboll 
oriniferi, small 
dootiL somi- 
eiroolar canals, 
ntricolns. sao- 
oolos of inter- 
nal ear. 



Adnt of secreting 
and excreting 
^ands. 



Lacrimal saa 



Tjmpannm of 
ear, eostadiian 
tnbe^ rem>ir»- 
tOTj nasafmn- 



Stbahpibd. 



"Pawvmmst. 



Epidermia, month, 
cesophagns, ragina, 
oomea, entrances to 
body, nasal dnct. 



OOLUMHAB. 



Urethra, Tas 



ClUATBD. 



Kftstachian tube, tra- 
chea, large bronchi, 
medinm. small bron- 
chi, epididymis, Tas 
deferens, nasal dact 



TBAJrsnlbNAU NBUBO-KPITHXLnTlf. 



PtfTto of kidney, 
areters, bladder. 



Retina, 
tory 



oocfalea, olfko- 



MUBCLX. 



Stripbd 
voluhtabt. 



Two layers in the 
apper naif of the 



Smooth. 



One, two or three 
Isrers in the walls 
of mosoolar and 
mosoolar ciliary 
tubes and in the 
lower part of the 
epithelial coats of 
foar coated tnbee. 



COMHECnVB TlSSUB. 



CoNKBcmnB 
Tneux. 



Outside coats of 



branes, basement 
membranes. 



Arbolab. 



Lymphoid. 



Sab-epithelial 
coats and epithe- 
lial bases cdTtobea. 



SolitaiT i^ands, 
Peyer's patdies, 
diiltase mswsuB in 
bases of epil 



Cabtilaox. 



Oatslde coats of 
tradiea, large 
and medinm 
brondki. 
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FUNCTIONS OF TISSUEa 


T18BUE& 


SnfPLK. 


Stbatifibd. 


PAVBianiT. 


Ciliated. 


Polygonal, 
polthbdbal. 


OOLUIOrAB. 




Ciliatbd. 


GOLUMMAB. 


Tbaksi- 

TIONAL. 


EplUMdlam. ^ 
GonneotlTe. - 

Masde. 
Nerre. 


OsmoeiB, 
SecroUon. 


Motor. 


SecreUon. 
Excretion. 
Oiemloal 
tnuiaformeri. 


Secretion. 
Absorption. 
Caiemical 
tnmsfomieii. 


Protection. 


Motor. 


SecreUon. 
Protection. 


Secretion. 
Protection. 


Whitb 
Fibrous. 


Ykllow 
ELAsna 


Arbolab. 


Adipose. 


Lymphoid. 


Cabtilaoe. 


BoKB. 1 Neubooua. 


Sapport. 
Bepktr. 


PaadTe 
motion. 


Support 
Bejpair. 


Protection. 
Fund of po- 

tential 

energy. 


Phagocytosis. 
Bepair. 


' 1 . 1 
StilTening, ' Support. ' Support of 
Protection, j Red blood nerre cells. 

j manufactory. 


Striprd 

VOLUKTABT. 


/ &rBIPBD 
iKVOLUir- 
TABT. 


I» VOLUK- 
TABT. 


1 


Motor, ther- 
mogenlQ. 


Motor, tbeiw 
mogenie. 


Motor, thefw 
mogenie 




C^LLS. 


FiBEBS. 


i 
1 


Energy gen- 
enton. 


"^^"^ 















Contents of Tubes Govern Their Motor Structures. ^li is evident 
from the nature of the case that all tubes of any considerable diameter 
must be provided with some form of apparatus for the purpose of setting 
in motion their contents. This apparatus is composed of the contractile 
tissues— muscle or ciliated epithelium. Muscle is used where consider- 
able force is necessary and cilia where little is required. Both forms are 
present when the degree of force required is subject to marked varia- 
tions. The amount of motor power required in any given case depends 
upon the character and condition of the contents. With the exception 
of the two coated tubes all large tubes have muscular coats. As their 
contents vary, sometimes being large, liquid or solid, and sometimes 
small liquid and gaseous, some of them have also ciliated linings. Cilia 
provide a constant, gradual, progressive motion and muscles a rapid, 
strong, intermittent motion. An examination of the large tubes of the 
body shows this to be the case. The four coated tube or alimentary canal 
must of necessity be a muscular-motor tube and in all the larger animals 
could not reasonably be ciliated. The contents are large, liquid and solid 
and must be kept in motion to serve the purposes of digestion, absorption 
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and expulsion. Cilia^ if present^ are soon worn oS by contact with solid 
matter and furthermore are ineffectual as a motor power. Hence this 
class of tube is mnscnlar-motor and not ciliary-motor. The character 
of the contents requires well-developed muscular layers and coats for the 
large amount of work accomplished by them must be done at short inter- 
vals and for long periods of time. Probably the best types of muscular- 
motor tubes have three layers of muscle— external longitudinal, middle 
circular and internal longitudinal— but in most cases only two are pres- 
ent The variety of muscle is almost always smooth. The alimentary 
canal has two well-developed layers forming its muscular coat, the com- 
bined action of which is certain in its results. In addition to the muscle 
of the muscular coat one or two well-developed layers are found in the 
outer portion of the epithelial coat and are called the ^^muscularis 
mucoss.'' The adaptation of the epithelium of the lining makes it a 
necessity. 

Among the three coated tubes the Fallopian tubes, uterus, epididymis, 
first part of the vas deferens, portions of the vasa efferentia of the tes- 
ticle, medium and small bronchi have both muscular coats and dlia. 
Here the character of the contents varies according to circumstances. 
In the generative tubes of the female during labor the contents are solid 
and large and the expulsive force required is great. Hence a well- 
developed, high type, three layer muscular coat is present. Especially 
is this true of the uterus. At other times the contents are small and 
liquid and cilia are adequate excepting, perhaps, during the aspirating 
effect displayed at the time of sexual orgasm. The Fallopian tubes are 
arms of the uterus and have a motor structure less strongly developed. 
They have two layers of muscle and a ciliary lining. The muscular 
requirements are never great and therefore the muscles are poorly devel- 
oped. The contents are small and liquid and cilia are sufficient except- 
ing, perhaps, during sexual excitement The vagina has two rather 
poorly developed layers of muscle; for its motor requirements are few. 
The epididymis has two muscular layers and a ciliary lining. The mus- 
cle is fairly well developed. The contents are small and liquid. Muscle 
IS required when the products of the testicle are ejected. At other times 
cilia are sufficient. The vasa efferentia of the testicle are the first por- 
tions of the tubes leading from the testicle to show a motor apparatus 
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which is therefore poorly developed. The vas deferens has three well- 
developed layers of muscle and only a small part ciliary. The contents 
are small and liquid. The distance from the testicle to the urethral 
meatus is considerable and somewhat circuitous and a sudden ejection 
of the seminal fluid is necessary for fertilizing purposes. Hence a 
strong muscle is required at such times. 

The bronchi within the lungs— medium and small— have both muscle 
and cilia. The contents are small liquid and large gaseous. It is quite 
certain that changes in the diameters of these tubes are necessary to reg- 
ulate the quantity of air passing through them in respiration. A mus- 
cular coat is required for this purpose. Only one layer of circular 
muscle is present; the shortening and stiffening effect produced by the 
longitudinal layers not being needed. In ordinary times cilia are suffi- 
cient for the removal of the small liquid contents and foreign matters 
which are drawn into them by inspiration. In the vascular system only 
the small arteries on the proximal side of the capillaries have a distinct 
muscular coat well developed. The contents are large and liquid and the 
muscle is circular. Here a peripheral resistance is necessary to govern 
the variations in blood pressure. A cut-off action is all that is needed 
and hence the muscle is limited to small lengths of tubes. In these tubes 
the propelling force originates in the heart and the motor character of 
the small arteries governs the blood pressure and rate of flow. Here the 
requirements are unlike those of any other tubes since the muscular coats 
are not the direct cause of the motion of their contents. Evidently cilia 
would be of no use here. In the large vessels alternating layers of 
smooth muscle and elastic tissue give to those tubes a gradual recoil 
resulting in the production of a continuous stream. 

The upper parts of the ureters have two layers of muscle while the 
lower parts have three. This difference in structure is due to a differ- 
ence in function. The contents are liquid and must be forced into the 
bladder under considerable pressure. The lower parts of the ureters 
are injectors and force urine into the bladder in spurts. A high type of 
motor apparatus is required here while it is not needed in the upper 
parts. Cilia could accomplish notiiing in these tubes. In none of the 
three coated tubes would a muscularis mucosae be of any use as the local 
adaptation of their epithelial linings to the contents is not essential. 
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The two coated tubes (trachea and large bronchi) are ciliary-motor. 
The contents are small liquid and large gaseous, and cilia constantly 
waving toward the upper end of those tubes are sufficient in ordinary 
circumstances. Since they have ^X'' shaped rings of hyaline cartilage 
throughout their whole length a muscular coat would be of little use. 

Of the one coated tubes, the nasal duct, tympanum of th6 ear, Eus- 
tachian tube and respiratory nasal mucosae are ciliary motor. Here the 
contents are small liquid and gaseous, and muscle is unnecessary. The 
cilia are sufficient for all motor purposes. All of the remaining one 
coated and one layer tubes are non-motor. 

Oboans Which Appabently Do Not Confobm to the Tube Plan 

OF Stbuotubb. 

There still remain certain parts of the body which apparently, at 
least, do not conform to the tube plan of structure. These parts are the 
nervous system, thymus, spleen, lym;^ nodes, and adrenals. 

**In the developipent of the cerebro-spinal system the rudimentary 
part is formed from the thickened medullary parts of the involuted epi- 
blast, the ridges of which rising from the surface of the epiblast, are 
united dorsally along the middle line so as to form a hollow medullary 
tube. This tube is wider at its anterior or cephalic extremity and this 
dilated portion is divided by partial constrictions into three primary 
cerebral vesicles which represent the anterior, middle, and posterior 
divisions of the brain. The spinal portion retains a more uniform cylin- 
drical shape. The continuous cavity enclosed within the primitive 
medullary tube is the same with that which constitutes the central ven- 
tricles of the brain and central canal of the spinal cord.'' (Quain's 
Anatomy.) Thus the brain during its early existence is the dilated ante- 
rior portion of the primary meduUated tube derived from an indentation 
of the epiblast and the spinal cord is the remainder of that tube. In the 
adult the central ventricles of the brain and canal of the spinal cord still 
remain, showing that a tube plan is the plan of formation, although many 
structural additions and modifications have been made. The ventricles 
and central canal are lined with simple ciliated epithelium (fifth ventricle 
lined with simple pavement). Structurally then the brain and cord are 
covered on the outside by a connective tissue layer {pia mater) and are 
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A CONSTRUCTIVE METHOD IN HISTOLOGY. 



NERVOUS SYSTEM. 



Oroait. 



l.C«r«- 
hram. 



1. Mem- 
branet. 



DlTlSIOVB. 



1. Pan 
mater. 



SdoDI VISIONS. 



1. Periosteum. 



3. Falx cerebri 



Dkscriptiok. 



8. Tentorlam oerebelU. 



A dense membrane lin- 
ing the ikulL 

I A longrertical partition 
< separating cerebral 
I hemispheres. 



sloping partition 
separating cerebrum 
firom cereoellum. 



4.FaIxcerebellL 



I A Tertical 
J separating 
1 hdres of t 

I lum. 



partition 
„ the two 
the oerebel- 



Structcrk. 



1. Larers of fibrous and elastic tissue crossing 
each other obliqueljr. At many points the 
layers separate and form channels or sinuses. 

2. Endothelium. 



2. Aradi- 
noid. 



8 Pla 
mater. 



I A rerj delicate mem- 
brane between the 

! dura mater and pia. 

I mater without 
nerTcs or blood Tes- 



1. YiUous eleratlons on 
the outer surfSMe. 



\l 



1. Endothelium. 

2. Oonnectire Ussuei 
Endothelium. 



2. Pacchionian bodies i 
alone the sides < 
longitudinal sinus. 



bodies I 
lof theJ 
Inns. I 



Hypertrophied Tillous elerations with the 
structure. 



I A thin Tascular mem- 1 1. Endothelinm. 
I brane corering the 

brain and sending-^ 2. Outer layer. 



trabecuUs into the 



2. Ner- 

TOIIS 

matter. 



1. Cortical 



2. Medul- 
lary white " 
matter. 



nerre tissue. 



Ffarft layer. 



Second layer. 



Third layer. 



Fourth layer. 



Fillh layer. 



1. Association 
medullated 
without n e n 



I 8. Inner layer. 



^ Corers the outer surface. 

•i Fibrous tissue rich in blood ^ 

•{ A part of the nerre tissue framework. 



1 1. Neuroglia. 
. Branches 



1 1. Neurog 
I 2. Branch 
-{ cells. 

8. Spider 
I cells. 



of 
or Deiter*s 



I Small, pyramidal nerre 
J cells whose axis cyl- 
I inders end in T 
I branches. 

1 Larce, pyramidal nerre 



il. SmalLirregular i 
cells. 
2. Pyramidal nerre 
cells. 
8. Nerre flben. 

II. Spindle and pyram- 
ioal nerre cells. 
2. Nerre fibers. 



fibers I 
and! 
uriO 



Fibers which unite 
parts of the same' 
nemisphere. 



1 v..^^i...Mi,M».ftn. {Joins inferior fkontal 

1. Fasdculusundnatus.^ ^^ temporal lobe. 

2. Fasciculus longitu- J Joins temporal to oeoip- 
dlnalis int 1 ital. 

8. Fasciculus longitu- I Joins frontal to ocdp- 
dinalis sup. ^ ilal and temporal. 



A. Cingulum. 

5. Fasciculus 
dioularis. 

6. Fornix. 



wi^out^^neu'rui P«tsofti»etwoh«ni. 






spheres. 



itel 
smi-^ 



J Girdle of fibers around 
I corpus callosum. 

perpen- J Joins parietal to ocdp- 

I Joins hippocampal con- 
•i TolutioD to corpora 
I albicantia. 



8. Projection fibers 
meaullated and 
without n e u r i 



Fibers which connect 
the cerebrum with 
the periphery of the 
body. 



Cowpus callosum. 



Corona radiata. 
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NERVOUS SYST£M.~Cbii^««<i 



Oroah. 



Division. 



1. Hlppo- 

c»mpu8 

mi^or or 

oorau 

ammoiiJi. 



DiVlSlOK. 



1. Internal 
wlilto sonii 
2. Middle . 
gnyxone. 
8. Extemel 
white xone. 



SUBOIVUIOX. 



1. AlTeoi. 



2. Siratam oriena. 



DascRiPTioir. 



Ventrionlar § u r • 



Stbuctubb. 



Medollated 
fibers. 



layer. 



1 J 1. Spl 
i2.Ne 



erve fibers. 



8. Stratam oellalamm pjra- J Third cor 



mldaHuni. 

4. Stratam radiattun. 
9. Stratam laoanosnm. 
6. Stratam moleoalare. 



1 layer. 



JLarce pyramidal nerre 
cells whose branches 



extend 
alreos. 



into the 



J Branches of thirdj Branches of the pyram- 
1 layer. 1 idal cells. 

i Parallel to alTCos. i Axis cylinders. 

J Vertical and lateral J Small pyramidal ganf> 
1 cell branches. i lion cells. 



4. Fascia 
dentate. 



Mednllsted fibers. 



LNerrefibers. J TW<* 

2. Qanf lion cells. -| ^ 



Oliiokened edge of 
cortical layer of' 
" ceiebram. 



J 1. Pyramidal cells. 
I i. Pol^morphons cqQs. 



, Polyn 
, Foslfc 



Oerebmm 
continued. • 



1. Within 
the white 



1. Corpos 
striatum. 



1. Kodeus J IntraTontr 



fff ^ ^^^^jpf 



portion. 



2. Naoleos 

lenticu- 

laris. 



Extrarentr i o a 1 a r. 
portion. 



icularj 

1 1. Mult 
J cells. 
12.Medi 
I flben 



rormcdl& 



1. Large, maltipolar 
cells 



Small, ganglion 
Nerre fibers. 



Multipolar nerre 



2. Optic 
thalamuf. 



I L Inner I Two unequal dirl- 
J nudeos. J sionsofpaymat- 
1 2. Outer I ter by white sep-' 



nucleus. I tnm. 



Medullated nerre 
fibers. 

1. Multipolar nerre 
cells. 

2. Medullated fibers. 
S. Ganglion cells alter- 
nating with medul- 

fibers. 



8. Corpus sub-j jLjOells. J Brown stratum of J Multipolar oellS; 



thalmicum. \ 2^ Fibers, l gray matter. 



4. Corpora U 
quafHt- JJ; 
gemina. 1 ^ 



Anterior. 
Posterior. 



:1 



Four bodies on the 
dorsal aspect of- 
the sylrian duct 



1 Fine medullated fibers. 

1. Various shaped nerre 
cells. 

2. Medullated fiben. 
8. S m a 1 1 , multipolar 

cells. 
4. L a r g e, multipolar 
cells. 



t. Along 

thefioorof. 

third Tcn- 

tride. 



1. Lamina dnereom. 



2. Tuber dnereum. 



8. Inftindlbalum. 



I Between chiasm 

< and the corpus 
I callosum. 

1 Part of the floor of 
-{ the third Ten- 
I tridei 

I Hdlow conical 

< process of the 
I tuber dnereum. 



4. Corpora albicantimof pes- ) Two my nuclei 
terior perforated space- 1 within whitefibers. 



1. Gandlon nerre cdls 
2.Spedal bundles of 
nerre fibers. 
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MEBYOUB SYgTKM.— Cbw W uii wf . 



(htOAm. 



2. Cram 
cerebri 



Dncmipnoir. 



Two^ thlek 
■irandf of nei^ 
Toas matter 
nnitinff the 
oeiebnl heml-' 
■pherei and 
tbe pom Taro- 
Ul. 



DlYfSIOHS. 



1. Yentral part 
~ onista po- 



SUBDIVinOHB. 



Dbkbiptioh. 



1. Asoending nerre 
flbeiSi 



2. Deicendlnf nerTo^ 



Fiben 
thi 



throii|;h 
oapenle 
cortex. 



on their way 
the internal 



Steuctukk. 



%. Middle part 
or Bubatanf 
nigra. 



artiA 
iUaJ 



pigmented area be- 
tween tt 



the ciuita and' 
t^gmentom. 



Fiben on their waj 
tmrn. the cerebral coiw 
tex through internal^ 
capnilea interrupted 
by optic thalamm. 

A dark tract of gray 

It adTonoea fkom the 

ffil• and forming a- 
okened edge near 
the ocnlo-motor 
grooTe. 



Medullated 
nerre fiben. 



Medollated 
nerre fiben. 



Multipolar 



8. Dorml part 
or tegmentnm. ' 



1. Ezteniion of 
tic reticalarln 



Tranfrena, 
nal 



longitndi- 
fiben 



\ 



ntin- 1 A thin Ujer of gray I 

pona^ matter beneath thrs 

I nenral tube. I 



8. Pom 
Taroliior 
tuber an- 
nulare. 



idge 
white and gmy 
matter whoie 
traniTcrie 
fiben unite the 
two halTes of 
the cerebellum, 
whoce longitn- 
dinal fiben 
unite the an- 
terior p y tp'" 
mida, olirary 
bod/ of the 
menulla, the 
lateral and 
part of the poa- 
terior colnmne 
below and the 
crura cerebri 
aboTC. 



1. Donalpart 



2. Gray matter contin- 
ued firom the 
and medulla. 

81 Nndel of the ooulo- 1 Oroupa of nerre oeOa I 
motor and pathetic^ along the floor of theK 
I sylTlan aqueduct I 

I Tranarene, longitudi- 
nal nerre fibcun 
doatng grou| 
nerre celia. 



1. Continuation 
formatio reticnlaria. 



I Tranarene, longltndi- 1 
of the J nal nerre fibcun en-J 
ilaria. | doatng groupe of] 

I nerrecelia. > 

%, Gray matter from the! Areaa ■catteredthrougli-J 
medulla. l out the reticulum. \ 

' I A dieet of gny matter I 
A from the lower half of-j 
I the Tcntricular fioor. I 



8. Kndei of the trl- 
Cuial; abduoeni, 
Ikdal and auditory' 



X Ventral part 



8. Part along 
the fourth Ten-< 
tride. 



1. Fiben uniting the 
two halTcs of the 
cerebdlum. 

2. Fiben of anterior 
pyramids on their 
way to the cerebrum. 

81 Nerre cells between 
nerre fiben. 

1. Subitantia fe r r u gi-. 



Longitudinal and trans- 
Terse fiben endodngj 
nerre cells and re--< 
sembling the formatio I 
leticnlanSb I 



2. Posterior longltndi- 
nalbundlea. 



I A layer of cella so pig- 

< mented as to be Tid-J 

I ble to the naked eye. ] 

I A continuation of tiie I 

'-{ fiben from the an-< 

I terior ground bundlesi | 



Qranular 
ground sub- 
stance. 



Medullated 

fibers. 
Multipolar 
nerre cdlai 

Multipdar 
nerre cells. 



MulUpolar 
nerre cdlai 

Medunated 

fibers. 
MulUpolar 
nerre cells. 

MulUpolar 



MulUpolar 
nerre cells. 



Medullated 
fiben and 
muIUpoIar 
nerre cells. 



Large mulU- 
polar nerre 
cells deeply 
j^gmented. 

Medullated 
sfibein 
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KEBYOUB SYB^TEM.'-QmHmud. 



Oroah. 



5. MedaU* 
oblongata. 



Whitb Mattbb. 



1. Anterior pyrar 
mid. 



Dbbcbiption. 



1. Gontlnaatlon of the direct 
pyramidal tract of tlie anterior 
CMumnt of tbe cord which does 
not take part in the de cqa aa ti on 
of the pyramids. 



% Lateral tnet 



2. Continuation of the 

pyramidal tract of the lateral 
oohunna of the cord. 



I An the flbeia of the lateral 
colnmna except the croHcd 
pyramidal and direct oerehellar 



1. Upward oontinna^ 
tion of the poate- 
rior lateral coramns 
or cdlomna of Bnr- 
daoh as arcuate 
fibers. 



81 Bestifoimbody. 



1. FIben 
ftom the - 
cord. 



2. Direct cerebdlar 
tract 

8. FibeiB ftnom col- 
umns of 0<^ ss 
arcuate fibers. 



S. Fibers I Cerebellar fibers to 
from the < and from the oli- 
mednUa. | Tary body. 



TsBimiATioir. 



1. Minority of the fibeis 
paaa through the pons 
Tarolii to the cere- 
brum. 

2. Some fibers pass be- 
neath the oliTsry body 
joining fibers from 
and aid in the form*- 
Uon of the fillet 

& A few fibers are 
turned to the reati^ 
form body and paaa to 
the cerebellum. 

Theae lateral fibeis pass 
OTcr the anterior 
pyramid and oliraiy 
body and arcuate 
fibers to form a nart 
of the formatio reucn- 
laria. 



Fibers pass to the two 
hemispheres of the 
cerebellum. 



4. Posterior pyr 
mid. 



. I Upward continuation of the P<»- 1 Becomea the nueleua 
•^^ terior median eohmms or c^ ^nSa. 

I umnsofGoO. I ^ 



Stbuotdbb. 



noD-mednUated 
flbem 
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NERVOUS SYSTEM.— Om/iMied. 



Organ. 



Medal)* 
obloDgato 
oontinoed. 



Additioms Which 
Make tub Medulla. 



Dkbcbiptiom of tub 
Additions. 



ooid. 



1. Korrofiben. 

1. Inorean in the dxe 
of tlie posterior col- 
wmins of tlie spinal"^ j. Gray matter extended 

from the posterior 

horns. 



Separation of the po»- 
terior horns until thev 
are nearly horizontal, 
while the base of the 
anterior horns oomes to 
the surfiuw of the floor 
of the foorth rentricle. 



Dbscriptiom. 



A gradual addition to 
the ftmiculus gracilis 
and Ainiculus ounea- 
tus from below up- 
ward. 



Stbuctvbb. 



MeduUated nerre fibers. 



2. Expansion of the 
eentrsl canal of the- 
spinal oord. 



8. Decnssatlon of the 
fibers of the lateral 
oolumns of the spinal 
oord. 



1. Nucleus gracilis. 

2. Nucleus cuneatus. 



Fanicahu teres. 



J 1. Multipolar nerre cella. 
1 2. Neuroglia. 



ItNenro^la. 

I 2. Multipolar nenreedls. 



4. New gnj matte 



The crossed pyramidal 
tract in decussating cuts 
off Uie anterior noms. 
and the sereral parts 
become the lateral nu- 
deos. 

1. Accumulation in the i 
posterior horns as 
raniculos of B<dandoJ 
and taberde of Bo- 



Tbe lateral and longitu- 
dinal fibers of the 
lateral nucleus become- 
the formatio reticu- 
laris. 



1. Coane network of 
gray matter contain- 
ing multipolar nerre 
ceus. 

2. Neuro^ia. 



•J'- 
T 



The ftmiculus of Ro- 
lando expands into] 1. Neuroglia, 
the tubercle of Bo-1 2. Multipolar nerve cells. 



2. Nooleas grscilis. 
8. Nodeos cuneatus. 



4. Dorsal, accessory 

Tary body. 
6. Mesial, accessory 

Tary body. 



«. OUTary bodies. 



7. Common nudeus. 



New addiUons to the, 
posterior horns oot-J 1. Neuroglia, 
ered br a thin sheet] 2. Multipolar nerre odls. 
of white matter. 



oU-i 

I Two small areas near J 1. Nenro^ia. 
oli-'{ the oliTary bodies. "j 2. Multipolar nerre cdls. 



I ^llT'iiS^y^. !SJ 1. External nerre fibers. 



fr\i 



i 82irSrSoSu^5l"1^Multipolarner.ecd^ 

J Nudd of the lower sixj 1. Neuro^ia. 

n cranial nerresi 1 2. Multipolar nerve cdls. 
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NEBYOUB SYBTEiL-^Omtinued, 



Obqah. 



lOanbel- 



DiymoHi. DiymoNS. STBUcruut: 



1. The two 
qkbeies. 



tOortloal 
gray 



lOanind 
white 



2. Yenni- 
fom 

prooeH 
unitliigthe 
twobemi- 

^heieik 



hOnj 



2. White 



DncBiPTiox. 



t Molecular 
Layer. 



2.Cdbof 
POrkiiUe. 



& Gftnnle^ 
Layer. 



J 4.Kerre J 
-j Pibei^ 1 



J Oentrtl 
1 Nuekd. 



Cerebellar 
pedonclea. 



1. Braoches of the oells of Paiki^Je. 

2. Small, multipolar cells whose branches extend toward the 
periphery. 

8. Lazve, multipolar cells whose axis cylinders euTclope cells 

of r%rkinje (basket). 
4. Neuroglia. 

1. Large, near shaped nerre cells with antler brandies and 
axis cyunders. They are situated between the molecular 
and granule layers, their axis cylinders extend into centrsl 
white matter as medullated fibers, their other branches 
fonn a dense network in the molecular layer. 

t Small, cells — mostly nndei — which 
stain deeply whose branches ramify 
amonff the granule cells, whose axis 
cylinders extend into tne molecnlar 
lajrer and end in t branches. 

2. Neuroglia. 

1. large multipolar cells whose many 
branches extend into the molecular 

i|^oo J layer, whose axis cylinders extend 
toward the medulla as a dense net- 
work. 

2. Nenro^ia. 

A centrsl mass of medullated nerres forming a centrilbgal and 
centripetal path for impulses tnm and to the nerre cells. 



tSman 



illaani^og 
oefls. 



1. Nndens dentatns. 



2. Nndei of the floor. 



ted 
extend out- 



I Loosdy packed pigment 
J cells whose branches es 



J Large, piipnented multipolar „ „ 

1 lion cells and many nerre ftMTS. 



ward and whose axis cylinders 
are directed toward the medulla. 




cerebdli ad corpora 

»ntis. 
Tonne. 



1. Medunatodi 

fibers. 

2. Non-meduUated 

nerre fibers. 
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A CONSTRUCTIVE METHOD IN HISTOLOGY. 



NERVOUS SYSTEM.— Om/ifttfed. 



Oroak. 



DiymoNS. 



1. Mem- 
branet. 



6.8piiua 
oord. 



SLKerroos 



Subdivisions. 



1. Dorm mater. 



2. Anudmoid. 



Description. 



An exteraaL dense membrane separated fh>m ibe walls of the 
bony canal by a space containing areolar tissue, lat and exten- 
siTe plexuses of reins. 

I A thin, delicate membrane separated from the p^ mater by a 
space called the subarachnoid space containing the cerebro- 
I spinal fluid. 



White fibrous tissue 

with Tery fowj 

8L Subarachnoid J Partitions of the subarachnoid space by prolonged extensions •{ elastic fibers and 

■ • • - — A._ ^_-.^x.>.L^j ^-_ ooTcred withi 

endothelium. 



trabecula. 1 from the arachnoid to the dura mater. 



4. lisamentum 
denticulatum. 



S.Pia mater. 



I Narrow bands be t we e n the anterior and posterior nerre roots at- 
J tached by their inner edges to the pia mater and by their outer 
I denticulated edges to the dura matei: 

J A delicate, rascular membrane iuTesting the cord and dipping 
1 down into its f 



Structure. 



A ini.im««*min.bi J Pwlongation of the pia mater downward enclosing tiie central i ^a - few nerre 
e. Filum terminale. ^ canafimd a Utile grl^^matter at its upper end. - ana a lew nerre 



Divisions. 



1. Per- 
ipheral 
i^te 



Further 
Divisions. 



LFlssues.^ 



Subdivisions. 



Location. 



Description. 



1. Anterior. -I Median. 



Z Porterior.' •< Median. 



cells. 



SLGolainnB. 



2. Central 



& Oommis-j 



TWOSTBI- 

metnoal 
halTes 
Joined to- . 
gether by a 
grayoom- 
musure. 



1. Anterior. 



% IjtteraL 



8. Posterior 



White. 



I Between I 
-< anterior^ X 
1 homs. ^ I 




\ 



s 



Between 

posterior 

horns. 

I Floor of the 
anterior 
fissure. 

Wide and 
do not 

reach the 
sur£M» 

except by 
roots. 



I Partnnlting 

lGr.yeommi^. J^^;r 
«*«^ central 



' Short, wide and does 
I not reach gray com- 
I missure. 

I Long, narrow and does 
reach gray commis- 
sure. 

1. Direct pyramidal4i,^ 
tract 

2. Anterior radicular 
sone. ^* * 

1. Ascending lateral 
tract 

2. Descending lateral 
tract 

8. Mixed Uteral tract 

4. Grossed pyramidal 
tract 

5. Direct cerebellar 
tract 

1. Lateral (Burdacta). 

2. Median (QoU). 



If^' 



1. Nerre fiben of 
varying sises and 



raryinff sii 
nenroflpu. 



I Between J 
•I posterior "i 
I horns. I 



1. Anterior homa. ' 



I Narrow 
I and con- 
9k Posterior horns. -s tinueto 
thesurlkce. 



-{ Multip<flkr. 
Medullated. 



1. Nerre cells. 

2. Nerre fibers^ 

a. 8a.»Untl. q>.ng!o«.^ ^^^^S! 

I Ground substance 
4. Substantia geIatino8a.-{ around central 



Jl. 

I 2. Non-meduUated. 

I Modification of the 
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lined with a simple epithelium like certain other tubes. Functionally the 
tubular character is not so clearly marked. The brain is composed of 
an external layer of gray matter which generates impulses and an inter- 
nal core of white matter which conducts those impulses. In the spinal 
cord this arrangement is reversed. Both are enclosed with a covering 
of bone. If both the brain and cord were solid, that is, had no central 
canal, an increased or decreased blood supply would produce pressure 
upon nervous tissue and cause a termination of nervous phenomena. A 
central canal is essential to the volumetric increase and decrease of these 
organs; so that, although the functions of these organs do not depend 
upon the specific character of the tube as in other organs of the five tube 
classes, yet structurally the tube plan is essential to the successful per- 
formance of function. (Plate XL, figs. 3, 6.) 

The thymus in its early development is almost like an epithelial gland 
and during that stage of development would be classified among the tube 
structures of the body like any other true gland : but about the end of the 
second year following birth it begins to retrograde and when the age of 
puberty is reached an adenoid structure has displaced the epithelium and 
atrophy reduces the organ to an inactive condition. Therefore during 
its active period it belongs to the secreting glands and to the one coated 
tubes. During its retrogressive period it is not tubular. (Plate XU, 
fig. 2.) 

Apparently the spleen does not belong to the tube organs. However 
it seems to be a vascular body structurally and functionally, for if its 
vascular tubes are not considered in its plan of structure the remaining 
parts are reduced to blood cells. Its trabeculae of smooth muscle sug- 
gest a relationship of force pump to the liver and the spleen would belong 
to the three coated tubes. (Plate XU, fig. 1.) 

The lymph nodes are composed of masses of lymphoid tissue around 
which are channels through which the lymph passes. These channels 
or sinuses are lined with endothelixmi which also lines the inner surface 
of the capsule and outer surface of the trabecular; so that the channels 
are widened parts of the lymph vessels within the nodes. This places 
them under the one-layer tubes. As far as function is concerned the 
parts outside of the channels are reduced to the functions of lymphoid 
tissue pr leucocytes. (Plate X Ti TT , fig. 5.) 
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The adrenals are composed of cells arranged in different ways ac- 
cording to the zones which characterize the structure. A tube plan is 
not sufficiently apparent in these organs to place them under a tube 
system. (Plate XTiTT, fig. 4.) 

Thus a general survey of the animal body and its contents convinces 
one that the tube is a fundamental structure. It must be taken into ac- 
count in the pursuit of anatomical^ histological or physiological investi- 
gations. If we study such subjects without bearing constantly in mind 
the tube in all its variations and purposes we will study them separated 
from their actual connections with the systems or organs as they really 
occur. In most instances, if not in all, the phenomena which api>ear are 
due to tube influences. In thinking of the functions of the viscera we 
are obliged to associate together both the tubular structures and the ac- 
tivities of the cells of these structures. For instance, if we think of 
some secretion and omit the presence of the tube, we simply think of the 
production of a chemical substance which has no means to direct it to 
any fixed point. We must, therefore, leave it to be dissipated without 
serving any useful purpose. As liquids flow in the direction of least 
resistance, the presence of tubes is not only essential to direct them, but 
also, by cell activities of their own, to add or subtract from the original 
liquids and thereby to increase their efficiency. Perhaps all secretions 
are modified in character by their progress along the tubes which pro- 
vide for their means of escai)e and are ineffectual until acted upon by the 
whole length of tube from beginning to end. 

Again the non-motor and motor characters of tubes are essential to 
our understanding of the disposition of products after they are once 
formed.- The body products are manufactured for a definite purpose 
and that purpose is defeated without the presence of some motor appa- 
ratus in those tubes in which motion of contents is required and the ab- 
sence of such apparatus in those tubes in which motion of contents is 
not required. It is necessary to think of all tubes as living tubes and 
not as lifeless conduits. Tubes resemble each other, since they are often 
engaged in the same business. Their structures are similar and they 
can be constructed by means of similar parts, of which they are all com- 
posed. This act of construction supplements the mental act which is 
required in their analysis. 
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OONSTBXJOTIVE DiAGBAM. 

In the large, cnrviliiieal, constractive diagram which follows, the 
five classes of tubes are represented by five concentric circles. In 
these circles may be fonnd drawings of microscopic sections of nearly 
all of the tubular organs of the body— sixty-five in number. The cir- 
cular plan of the diagram suggests the circular character of transverse 
sections of tubes. By arranging the microscopic sections of all of the 
organs of any class of tube, side by side, in one circle, the number of 
organs, the layers and coats in common, the structural characteristics 
and the plan of construction may all be readily seen and understood. 
It will be noticed that the largest circle is the circle of the one coated 
tubes. It comprises the largest number of organs, thirty-five in num- 
ber, and these organs are mostly the small tubes, chemical in function, 
non-motor in character, which constitute the secretory, excretory, and 
sensory organs. Microscopic sections of structural and functional units 
of many of these organs are very much alike in appearance. Thus a 
cross section of a single acinus of one secreting gland is very much like 
a similar section of an acinus of any other secreting gland. If we 
take acini from all of the secreting glands of the body and place them 
side by side the differences between them are not always sufficiently 
apparent to enable one to distinguish, without doubt, one gland from 
another. For this reason many of the sections in the circle of the 
one coated tubes closely resemble each other. Next in numerical im- 
portance and therefore in size is the circle of the three coated tubes. 
It comprises nineteen muscular-motor and muscular-ciliary motor tubes. 
These tubes are the large tubes of blood supply for the viscera, of 
gaseous income and outgo for the lungs, of outgo for the chemical 
products of glands and of exit for the products of conception in the 
female generative tract. Next in numerical importance and size is Ihe 
circle of the four coated tube. It comprises the eight parts of the 
alimentary canal which can be identified microscopically. The tube, 
as a whole, is muscular-motor. The functions of digestion and absorp- 
tion are performed by the small one coated tubes which enter into the 
formation of its lining. 

Next in numerical importance and size is the circle of the two 
coated tubes. It comprises only two organs— trachea and large bronchi. 
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Rings of hyaline cartilage distingtiish this tube from the one coated 
tubes and supply the means by which open tubes are maintained. These 
tubes are ciliary-motor and the only large tubes with no muscular coat. 
The next in numerical importance and size is the circle of the one layer 
tubes described around the common center of all the circles. It com- 
prises all the capillaries^ but as these are all alike in structure and 
function they may be considered as one organ. These tubes are non- 
motor and the simplest in structure of all the tubes Of the body. Thus 
the diagram displays the numerical importance of the five classes of 
tubes. That class of tube which comprises the greatest number of 
organs is naturally the most prominent in the welfare of the whole body, 
and this will be inferred from the number of chemical tubes in the one 
coated circle. In fact the animal body seems to be a colony of secreting 
glands composed of myriads of chemical tubes the products of which 
are essential to the continuation of life. It also indicates the mechanical 
importance of the tubes of income and outgo which serve in the capacity 
of carriers to and from the chemical tubes as may be seen in the 
three coated circle. It further indicates the importance of a combination 
of chemical and mechanical tubes in one as seen in the four coated tube. 
It indicates the value of a two coated tube as a functional tube; since it 
comprises only two organs. Lastly, it indicates the simple structure of 
the one layer tubes. At the left of each microscopical section are the 
model numbers which, arranged in the order of their occurrence from 
below upward constitute the building plan. The outlines of the two 
leaves of the accompanying case correspond in numbers and arrange- 
ments with the drawings of the diagram; so that the diagram, outlines 
and models furnish a working system of tubular construction. As all 
of the microscopic sections of the tubular organs of each class are placed 
side by side in one circle a good opportunity is afforded for comparisons 
in structure. A glance is sufficient to show differences and resem- 
blances. It will be noticed that the differences are, for the most part, in 
the linings and the resemblances are in the coats external to the linings. 

That the only tube in the body having a coat of strii)ed voluntary 
muscle is the upper oesophagus. 

That the muscular coats in other situations are smooth muscle. 

That the majority of muscular coats have two layers of muscle- 
viz., external longitudinal and internal circular. 
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That the following tubes have coats of three layers of mnsde: car- 
diac stomachy uterus, lower ureters, bladder, vas deferens. - 

That the following tubes have coats of one layer of muscle: small 
arterifm veins, lymphatics, medium and small bronchi. :^ 

That in muscular coats of three layers the external and internal are 
longiti^ijlinal, the middle circular. 

That in muscular coats of one layer the musde is always circular. 

That all large tubes, excepting trachea and large bronchi have mus- 
cular cpats« 

That small tubes haveno muscular coats. 

That secreting glands are found beneath the epithelial coats of the 
following ten orgiansf oesophagus, duodenum, mgdium bronchi, small 
bronchi, trachea, large bronchi, nasal duct, lacrimal sac, tympanum of 
ear, skin. The conclusion, therefore, is that secreting glands do not 
occur in the walls of the majority of tubular organs. 

That in most mucous membranes mucus must be produced by mucous 
cells of the epithelial coats. 

That the structure of all of the organs of each class of tube is essen- 
tially the same. 

That all tubes have an epithelial coat and all, excepting the one layer 
tubes, have additional coats according to the function i>erformed. 

That the five classes of tubes are develoi)ed from the one layer tube 
by tissue additions. Thus : 

1. One layer tube— epithelium. 

2. One coated tube— epithelium plus a base. 

3. Two coated tube— one coated tube plus cartilage. 

4. Three coated tube— one coated tube plus a muscular coat 

5. Four coated tube— three coated tube plus fi muscularis mucosae. 
That all tubes are motor or non-motor. 

That chemical tubes are non-motor. 

That mechanical tubes are motor. 

That there are two forms of motor apparatus, vi^, cilia and muscle. 

The diagram, therefore, calls our attention to a certain class of facts 
which we are likely to overlook in a study of separate sections and pre- 
sents to the mind a picture of correlated parts which is very important. 
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The Pbbpabation of Normal Tissues. 

Unless distinguished by the presence of some normal pigment^ proto- 
plasm, in its various forms, is nearly colorless. The differences between 
one form and another are not sufficiently marked to enable one to iden- 
tify them as they api>ear under the microscope without considerable ex- 
perience. The examination of tissues immediately following their re- 
moval from the body reveals them in their natural state and doubtless 
is the best method to pursue ; but in such specimens slight differences in 
protoplasmic densities are about the only means by which parts can be 
identified and the detection of these differences requires a much wider 
experience in microscopic work than most students have had. Some 
preparation of normal tissues is, therefore, necessary in order to bring 
before the eye the different parts which are under observation and, 
furthermore, to preserve them for f utu/e ^dy. The preparation com- 
prises several processes, each one of which is essential to the next one 
in succession. The processes may be outlined and employed in the order 
given below. 

{Killing, 4. Infiltration, 

Fixing, 5. Embedding, 

Hardening, 6. Cutting, 

2. Decalcification, 7. Staining, 

3. Dehydration, 8. Mounting. 

Killing, fixing and hardening: These three processes are usually 
accomplished by the same means. The object, in all cases, is to exhibit 
tissues in a condition which approaches the natural as nearly as possible. 
The more rapidly cells are killed the less liable are they to undergo 
decomposition changes which evidently must begin as soon as metabol- 
ism ceases. No one has ever seen a living cell as it actuaUy exists with 
its subtle chemical and mechanical activities in operation. No one has, 
therefore, an adequate knowledge of what is called its natural or normal 
existence. The cells which we see under the microscope are merely the 
architectural structures within which a vast i>6rformance of unceasing 
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activities has been going on according to the requirements of a mnltitnde 
of cell communities whose innumerable interrelations render possible a 
living body. They are the monuments of individualities which are gone 
forever. What is called a cell as it is seen under the microscope is no 
more a cell than the dead body of a man is a man. 

Killing : This consists of various freezing processes or of those proc- 
esses which follow the actions of chemical reagents upon tissues which 
have been immersed, immediately after their removal from the body, in 
any one of the numerous solutions which may be found in the outlines 
at the end of these prei>aratory descriptions. This process brings us as 
near to the dead, unchanged remains of cells as it is possible to get and 
the knowledge which we have of them is derived from the study of these 
remains. Many solutions of this character are in use according to the 
particular study which is to follow. It is better to become familiar with 
the actions of a few of them and depend upon these than to select one, 
at random, from a large number concerning which we have no practical 
knowledge. 

Fixing: This consists of slight degrees of coagulation brought about 
by chemical reagents by means of which minute structures are held, as 
nearly as possible, in a natural condition. Solutions which kill gener* 
ally fix at the same time. 

EEardening: Prolonged action of the chemical reagents upon tissues 
completes coagulation processes and increases the degree of hardness 
of the tissues. It furthermore renders them still harder by some chem- 
ical changes which are the results of a slow and long continued applica- 
tion of the chemical elements of the reagents to the chemical elements 
of the tissues. This process is necessarily a slow one if the best results 
are desired. A rapid hardening process shrinks tissues to such an ex- 
tent that they are often misleading in api)earance and valueless as struc- 
tural units. Many hardening formulae have been devised, a few of 
which may be found in the following outlines. 

Decalcification: This process removes the inorganic salts from cal- 
careous tissues by the use of some acid solution. This removal of salts 
is necessary before tissues are hardened. Of the normal tissues this 
process is mostly confined to bone. It is not, however, an important 
process in the preparation of bone sections, as much better results may 
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be obtained by grinding dry bone to the required thinness. It has a 
greater value in the preparation of calcareous tissues of a pathological 
character. The usual f ormulsB may be found in the outlines. 

Dehydration: By this process water is removed from the tissues. 
This is necessary in order to prepare them for the succeeding processes 
which are of such a character that the presence of water would defeat 
their accomplishment It is one of the most important processes em- 
ployed in the preparation of tissues, for the reason that they contain a 
large percentage of water when the preparatory processes begin and are 
mounted in balsam, which does not mix with water, when those processes 
end. If, during the dehydrating process, the water is not entirely re- 
moved, the sections will become opaque and unfit for examination with 
the microscope. The dehydrating reagent is alcohol. 

Infiltration : By this process the spaces of the tissues are filled with 
some liquid— usually melted parafiSn or celloidin— which hardens either 
by exposure to a lower temi>erature or by the removal of some constitu- 
ent of the liquid in which the solidifying substance is soluble. Filling 
the spaces with these substances in a melted condition or in solution and 
allowing them to harden render the tissues practically solid, in which 
state they may be cut in very thin sections. The methods employed may 
be found in the outlines. 

Embedding : By this process infiltrated tissues are enclosed in melted 
paraffin or thick celloidin which harden and firmly fix them to a block of 
wood or other suitable material manufactured for the purpose, so that 
they are firmly held during the cutting operation by razor or microtome 
knife. 

Cutting: By this process the embedded tissues may be cut in sections 
sufficiently thin to render all their structures visible under the micro- 
scoi)e. Sections may be made by freehand cutting, but, in order to 
secure thin, even sections by this method considerable patience and prac- 
tice are necessary. Microtomes are much more satisfactory. These 
instruments are so constructed that sections of a definite thinness and 
regularity may be cut by an automatic mechanism. They may be ob- 
tained from any maker of microscopic accessories and are almost indis- 
pensable in tissue work. 

Staining : By this process the nuclei and cytoplasm of cells and the 
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intercelltQar substances are sufficiently contrasted with their surround- 
ings to make their identification possible. This is accomplished by col- 
oring them with some staining solution which is selective in its action on 
account of the variations in the chemical elements of both structures and 
solutions. It wouldy doubtless, be better if staining processes could be 
abandoned and tissues examined just as they come from the body; but^ 
at the present time, this is hardly practical, especiaUy with beginners. 
The usual staining f ormulsB may be found in the outlines. 

Mounting: By this process sections, prepared as above indicated, are 
placed upon glass slides, enveloi)ed in Canada balsam or some other suit- 
able material and covered by a cover glass. 

The satisfactory study of microscopical structures of the body de- 
{>ends largely upon good, clear, well-stained sections. A poor specimen 
leads one into false impressions or into none at all and if we are com- 
pelled to derive our knowledge from it, that knowledge is quite likely to 
be modified by imagination and conjecture. The field of the microscope 
is small, especially under high powers, and moving the section about 
upon the stage in order to see all parts of it produces a moving picture 
which is not calculated to establish lasting impressions. Such kino- 
drome effects defeat the very purposes of our investigations. 

In the following outlines the ordinary processes and formulsB em- 
ployed in the preparation of normal tissues are given, in a concise form, 
to facilitate the selection of suitable reagents. They are given in the 
order of use, b^inning wiHi the killing, fixing, etc., and ending with the 
mounting of sections on slides. 
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i^rU titda^sJI/odfY^UhtAt 
hmsUn4 tk9 f¥uC9t9Xkunf9 tA< 
$9iution OHCf . on< •f t^ 



r#MMi/iiic 






IrormuUfH^t fo^ o^ SW. iOcc 

podium cMu¥i4€ aX^^.M ^OCc 

Cfcirofnic ^c<Wai^4y.s«/ Uucc 

Tormic Acid. . Spinf*. 

kdd ihi FPirmit Acid ai 
iht if mc ^f u$ir%f. 



SuUdion. 



OSmtAtid^)i(to. Sui sec 

Ch^mic Acid ifiOg Sui- iocc 

Mit ai \ifd€d. 



•f fn#tc« V4> <«£t ^ odtliiAh •f o^^ 
rtW.I«4<ii< t« tA< cJjcoh^i in %vA«cA 

^9 ^ USttfT ^ov All «^M*«. R^ltf. 

Btsi f4> ntrryous iiuu€. 

AUmtni^ff Cunulftmht^i.tuY^nv, 
t^chtu, luUfi,UifYm*JUdd*¥, 

uytUys, ovo W«. Smutfth muitit. 

gafid. Suod. 

Pcntt>a<t# Sioyuijf.Hat nuyui«*€ 
in Uy^t ^i€€c/. BuifoY tUdj 



lltoxfl^ in <£t 4utC9$tiSi€ ffudfM U 

y^%,%»%,9^, fS% UwvcnttAwnikdjrc.rtwfi^i in 

ItecA lafyicicNi- f 0^ Smmlifitcts, 



tOimit 
Add. 



IVmiAiuf. , IWuUr. 



0.$% og, uoi. 






AfUf kufdtmin^ ih dUchyom^H oYMuycuyic $oiutiun;titiu€$ thtntd^^ 
ffiu€9d in waftr /•¥ tAc ^AvyUt c of ipcmoviiif' tAf c*^*!' «ii«i tuiU Mr*««A 
Atv< ^ccM d4fu$it€d «f«WNf tA« ^ifocctf* At O ViA^c it if ActUf f» omit 
tK« MtafAinf ^y«ctSf in VMyvo«l tiisu€ wAicA A«i A«ii Aoy«l«ii««( in 
iC£l(<1r'« flui^I a Ml frantfo of Otk€€ to «icoAol. 



136 



Digitized by 



Google 



Prih^vaii^n Qf /formal, ti%iats^ 
rtrwMUi 

Jritfic Acid Sec 

WaUr I0OCC 

Chande 9ach tU* -fey t^ur 
dayS.w^h*Uard€n inokak^i. 

Pkloyoil^ein i^m. 

Nitric ^ad^ fee 

AUqhol \occ 

ruutt$. ' 



Prgcfffgg 



Rjttrftiftfi 



JUsiiifii:. 



lh4caUifiCa'ti'oH 



^^hjfdHdion .lAleohoi 



Ijrityie Acid. 



iM0f^Utcit 

and 
fritricAtid. 



LBOIH**. 



A Sflturated oaatous 
. . - . ^ Stm'on WltlTan «X<f«# 
tptcric A€i€i[ Of et^tMs.$icyiiMonthk 
rtfmytd* ^iCalci^iti and 
hardtns afthtiatnt timt* 






imaU^UctS ihQuld U ^iactd 
inth^ cffco/cifjtn^ icluticn 
and f^main uniiL g^ft . 

Vfaik uniii Ytaftnt it 
|p«liiov««( ai««( tK«it hayrd^n 
in alcohol. fhUf^^iuein 
^rpUeU, tht acid dtcaicifi€$. 

Hatrdtn iii Ztnktr, orth oy 
aU#fto<.Wa«A. PlA<t in 
th€ dtcaicifffin^ t^iuiiom 
^piii ««fi.Wa«fc uniii 
Ytaftnf i$ ttfno^t^dAnU 
th^nhardtn t»iak.oli#l. 



Tfcc vcmova/ Of y^ity-fy^ 

itaydcn^d $yViagktd,i^ 
htcttgayjf 4ti aydty tA*t 

itifUtyatiQrf )nAiffglLaW' 



MatiiiAll, 



S.lnfil*yaiion.^ 



0«>i>|^wnfiOti 



ri^ a iav^t Vnont^cd tWfl^ »(oc« w^// hardfMc^ and dtl^droUd 
"^ifn/Zof aimxtuvtf •ftfuai Uy^e t^imtm «ii tlitfo/Zowih^ 
|>a ftS of «tro n 4 alcohol «ik/ So/nf /one: 
^j|.j- ^Ai//V ^fc^vohcl dissolve /.f«T«ii4o(c»UaWjkiiiiCr«<l^r.wu»<t^fi(« 

tCc/toidtnv ,^ .^ tuffititr^t goUit trkin uiUidin i ♦ A-ri. 

CoiU^i^an Cotton ^ood ^rhicluty CtlUidin If .. 

^•iiij) to make a thick fStiU fkitk^y CMlUiditu .X<f .. 

f^fiiU S«ltttteiifiro»iW^cc/i S»"a« ft^ceimtni >nojr ^ infUtyaUdin 

thinner golutUhi CY€ ^mdt- afcwkeuips. 



MfthQd, 



I. Pa toff in. 



Mit io^ethgy kayd andi^{t 
Y^t^ffih in guch jtyoffcyti^n 
that tht Mnittuyt tnttU 
at aiout SOV the 
ttml^tyatuyg of tht 
iuyyaurndiit^ aiy Ititt^iy^C 
B9$tfy Ihm/I S^cimcnc- 
A ^ood ioraff ih stove cS 
csscnt/ol. 



P<ftCe vvtU h«wlf iiMf ^nd dnhjfdyaiid ftliia/^ 
i^coimens in the fMi^win^i 

l,Al€0h9l fsr*- /cqT* * --IV h^Yt\ 

a.cMoirof oiriN or oil of Ctduy^ JL- *V .. 

I. Paraffin ^tA— /-* 

|.^|raff in iofA /- -* 

SiPoroffth ^t^ / 

In tht |il«c« of Aro.i.a^tA of cM»roform 
^uyattd ^ith f oraff «h in«y ^ ii(«^ 
%M4tA oWvonta^o- 
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Prf hflY^dgft 9f /rarmfl( riu^u 



PYftitf/itftf' 



MiiLsidL 



P^^y^Yation 



PYQi^ii 



/.Blocks. 



i-^tn^ddin^ , 



l.Boxe^. 
Molds. 



It it Y\eC9$ tarif to^asttn etU9itiin 
S^9citn9nt to Q //ock /n 9rd€¥ to 
Cut t/i4n (<ctton« witAa<(ntf«. 

tht m^Ykit and It 60 od*, kut 
SatiSfaciorsf fUcHi ma^ /« moc^f 
-from ^s«-wood lx4^X^ (»ic/i<#. 
Th<^ wi<( not Ctatvi olcoho/ to 
anjr <X<<v«f an^tf j^vovcdc a so/«d 
sukh0¥t, one encf of th« ^locR 
$H6tiic( /c ^awcd^iinc/ifrom 
oyi« Stdf and y^ inch dttL fov tAc 
S^rifif VtfhicA attAC^ts tht i^a^ 
Kioh wA<cA iS wWttch tA€ Tiamc 
or HKmi€i- of tA^ <A«<imtf »i. 

Ttek« ttr 



PUe« a /i^lc of tht ihickut 
c^Uoidin oniht^nd o^tiilock. in 
this atranlit thtpitcimtti and 

tout ovcir it AliHralSukLU of 
frtf %amt CtUoidin, Set « tH int 
$id9 foY two oy ihYtM minatit.th^h 
yiact Uock tn So^akp/io/ wfitft 

&t moif irtitiaih iintiV ct ci tif«d«d. 
$«ciiOii< h%a« ^€ made ofteV i Aoc«r4. 
01^ li«c<mfn< ma« ^ tmUdtiviino 




-Takt ttAff ^«l«|.f/:KJr««^ C7ieA«< and 
-fold itoUftf thtiin99 Of tAcdcA^ra 
i^^OW And a iox w«^/ i-« mod* vwliic 
vni^ lio<d mc/t«d lio«r*ffiii.or two 



rom 
uh 



Em 






izm 



^•ccts of A«ov5 

' M »»»«<ii/ ^ *hcA 

;^thuk,ond iincft 

' H9nf intk4tl«tkti 

rxajri<f^Ac«d 



rill tht ^M< o»> molds Vj4uU Of 
mc/ttd liavaff in.illlow tU $kY{att U 
ifiutn 'isCootinf, pUct s^cimtn in 



tttV^jfti ov mo/ ' '^ 

4tn and sti t 

V tol«d tear off, 

fv«>n ihf J>£tYo^{in IXockt. rht«iate 



Mtt oyr molAiiuU of hi«it^d 
ha^oixm and sti tAcm aside to cool. 
VfhttiT tol«d tear off tA< kahtY and 



IfVccZiii^.. 



mazoy 



ICuttin^. 



^'^-^^^ — - — tfy^ i wi iifoN ofUt .^ 

Surface wet wttli ^ljrc<«'«iic th«s. O. 
ond avnold ma^ic madf witich wi/f 
Aold in«lt«d ^ofoffcH. 
Th««€. ^oX€S ondmold< ma«/tf tts«d 
for citAtr ^arof/in or cello id«n. 

Tonlu of C<^ undtr t«^<d ^rtsmrt 
iMojr i« o/t«<n«d from C Qt llioii«f^(tur«vs 
or inoKorc of mic ro«cof«c %u^h€$: 
Of o ifMoll ttlior tirojr ak^ratut 
inojr ^ oi6i<n<«lfroiN ah* microccow 

moilU r. COi <f tAt ^Ukttt and StU' 

Aiif ^ood roxor ^roandfCot ontAc 
loMfcr 4««f< ^s tt/s lio/</ in^ition 
to cut io^dvd $ou, in tht Uadyof* 
frtsA C^imons a fooddooi/tkiiife 
i< ttUhtiai, 



thtnytadSi 4QY'tuHinf.&r $>tnaU' 
fl.ec imtris inav h, ttnUddtd <n o 
i«ofk of ►oraff tn ^ m«/ttWtA€ 
Ctntfai kUft of OIM Clad y^iifio AotwiVc 
i|fid ftitVodocin^iAc 8/ccimcn 
intQ the mtlittf^loet 'and alUwin^ 



PlM t^mtMOHfUtc offrottinfi^vvlM 
and cover tlic» w<li w«<a So/or ScUtc^fi: 

4d^ y>ovtC of4 IkFtff a. CM^olic Add •J#v'bt. 

Hace Cffccmont ittwct h ^iocti of 
liardOfd /ivcr ot^ithund Ct»tht€ti^% 
^Und. Cut UciicniViitkihtdmMt 
kiMff wcf witA wotor from anj f rttA 
or^ii. 



LlbVr^Mie 



Amoc^oiiACa/ <^£Cf for Catting 
Sections of uncform ihinnttt* 
tf AnumAtr of Sections Qy< to ^ 
Cut an autotnattc yniCYototnt 4S 
thtit^t, rK«5 ore oil So Cons^Mctid 
thai Uciiont of 0115 eUtirt^ 
thinness mo^ ^ o^iainod 
Coniiitfta^ witA tht <ii«r«ct<r oltAe 
titsntc. 



TA« i'lock o^ wood or Aoroff cti a^n 
wIticA orwttAin %vAtcA tht Uttimtn it 
tmAtdd%d itf^ittd in tAc jow of tA< 
>ni'crotomt and tocttoni of 
liTiiferin iA«Tiii<«t art Cat. rA< kiuft 
ftAoUld A« kc^t w<t witA %0% ' 
olcoAol wkovi Catt«itd C<//o«dcii 
Soctcoht and dry wken 
Cutting jtav^ffin Stctions 
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PH^ratiQn Qi k^rmikt jU^u^§ 






to9lid€. 



P»og#i^«t. 



Fftftniiiat ftinJHttftitdi- 



K|tAli«iiifV foec 
SliK^y/nt. foc< 



JectioM U LloettI ukon ii ^nd htld owr o.f ^mf 
Coa^iilddltd ofNeftAc tcction i«f4X«<< U tht tlulc. 




Sictioni 
to iUdf. 



I ^iiiUUd 



^Tahantit ***^ ^ '^^< *(5CCW IK o^i«m<»i oh a cUan tUdt and ^(acm in an ««f»i 

Miihod' ' ^* '•*?%"??" ««^3»T/itn use tA« waUt htHhod ai«v« dtUYiitd 

Of w«rA tA« o<itf«t<oii of oti« dro^ of ^/jrc<r«ii€ aliiim«»i to ioc;c 
#f wa/<k 

Co/lfct €€ao4clin ctcfiont oti^iwis o^ ^^y fy |iytsii» tlicm ufonf/M I6irf« o^ 
iht knif«. Paivi^oc/ca?! ;^/aM Sl<W« with vcrjr iA<n uUoidin, pLact tht ^^•i* 
Sf i>i^5 wifA &€C<<OYi std9 down on tA« t/iin cfvifcl Ut^tt of ctlUidin and a iiiiU 
^YtssUYt ynill maktiht Uctions culhtYt ioiht ctUoidin^ 
R«mov< iheLa^tt tffift and Kc«/l tAc fcciionx moisf 



iHanUn'i 
fkmtdotHiin. 



/ii Staining. 



_C£flllii. 



TartaiiAifi 



iOi.4. {N«Yi«at«Ef lit! Ij^i 

AkoK«l /tec 



&Af R J ^•<'o«A Alum « ^ ^ 

•*^* " JHot waifv. a^cc 



IDcLfic/^s 



I oUti//td Water ^ 14 cc 



H<moto)yf (in ^j^Yatni 

AiioluU Alcohol lo cc 

Saf.Oft. to/.ommonui a/am.. foocc 

XlcoAol fS% /oacc 

SljctWitf..,,^,.. /o^cc 



Prefarat/ow 



Aff«»-lKA«irfl Uandin^ thit in a 
boKf/acn 4icA sel^ oml Sol. 8 
aS^ mi ICC of SoI.CoiuI w«tA 
«0^ii»i.|Coi,StoTit stirriRj^ i-oi7 one 
yninutt. Filttr.r'hii ttain 
ynojf M used i9nm€diaUl$. 



It aivec ^oo«l rt&ulH oiuf 
IS lasWf AiiWo««cA{5f tnadt. 
Kte/kS well. ^ 

OitfWw tAt h€maio9iS^*^ intkt 
a^toUU ttlcoAo/^ add iht 
ai«m ^oiiition.Mtttnd in 
aw ofen vessel ItflOi^Sifc^^r, 
ai<d tAe 9SX alcokoi and 
y,jfCtYin4.AfUY scvetol 
dajft fiitty aj^tn.TAas^n 
Mf ^ aUdLuYt OY diiuttd 
aiMl^ftves j^ood rcsn/tt. 
Itee^S wtU. 
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Pta^araiicn o4 kQYfnihlTiSSUQi 



stmng 



FQTtnuiat 



Pirtfaartfittti- 









Ntiiiaiol^(«ti /^ram 

A^£o/at« alcohol iocc 

Pota«h A^iitn /#^Vttm< 

Otsfi/<*<i w«t<ir loocc 



M«m4ifoiy/«fi.. . ^ ^^m« 

^ta<^ a/iim ...... ...... i^mt 

AfsoUU alcohol ^ /tocc 

0Mll9€i y/s/attt I04CC 

$ijfCttin4 fOacK, 



HtiiuiWijIin. 



HtmaiotjfLn 4^f«jR( 

AtsoluU alcohol _^ iocc 

W^ccvine I i9cc 

OisiiUeA watcf j iocc 

Slaciol acetic acid ice 






Ttktnalitm. 



KMefnatoXSflin 'i**'" 

AHolatt alcokol tocc 

Sat.ag. So/. Lithium Carlonate,, 7cc 

oUtflUd VfaUY Voce 

Hit shovt/j ^foi*« M&in^. 

t Lit/iium Cair^onat« f ^mhic 

DUt<7/o(^ wat^f... /oocc 

PYt^ov^ iht dotf hfoY^ Uiin^ 

yPoUUiunt P€vman$aiiaf«. CS^*m. 

OittilUd Sf^aUY -l«occ 

Jiiatfic ke>tin stock 

♦. Otalic acid^ Z^ram 

poiaitiuxn %ul^kiit /^Ajn 

{}i%iilUd wat« V. ioocc 

PVCfaVtf tA< dajr ^cfovc lining 

Httnaiti n O^^ram 

A^toluU o/coho( arcc 

pot«<lb alum ISfiwmi 

^iti'ilUd \hoUy $^ct. 



ois(o4v« tht li€»natoYLyl«ii in thi alcohol, 
th^ alum inihi woftt* and mix- 
£)Lj^«c to U^t and a*Y tn-dAtfS wKen kt 
i^rtadj totdtQY and u^^- Stain Hcttont 
'/k hoot. If outYsUintd waili it^lKL* iodrmkt 
to I09CC of 70% alcohol' 

OiMo(v« thtf AciaA^Xylcn in tht oltoluf^ 
alcokol and iht aiatn in tkt wotcr. 
Mtxtht two io/<itiont An«( Od«l ih% 
^/jfC<rin«.Fi/tffr ond ex/io<f ioli^ht 
and air for fcvcrol w«kt orttntil 
Ifcc odor Of o(coho< it ^aN#.F<<t«r a 
S #coiid time If iiiicUi arc to fo hou^ht 
out Ui« iht acidulottd alcohol o^yt. 



oiisolyt tM htmatotjflin intht 
aUoluU alcohol,addtht alum-ih<*nm 
ynidtiYe and aCttic acid,ex^$e t-o ait 
and ii^hffoY a /on^ time or umtii it 
is a dccf, ftd color 



Natdcn th«ttssiioc <T)Miili<y*S Fluid. 

$oak tM Sccttont Stvtra/ hours cti 1% 

OA'So/'Cfiromic acid. 

Stain for XV hours in Sol. /. 

Wttsh in Water containiTi^ icc to/«acc 

Of SoM 

Otfftrcntiatc in S0/.3. /toSminntcs 

Decolorize in Sol it. 

wash in woter. O^hj/dratt. Mount. 



Dissolve tht htmatciii itiikt oisoCntc alcohol 
with tho aid Of h«at. OiUolve the alani in 
tkt Water. Mil the two Solnttons- 
FilUY, Add a ^rjitol of thjrmo<. 
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ttaiftl 






^OTntut^m 



D»#fcaiPi^fiftii 04 yo»iHfl/ Ti&Cii^i 



H^mafQtjfUn ., ^.-^- l^m 

^UoiuU aUohoi ^^ .,.. /oc< 

oistiiUd watcv ..f«oe 



Pi»tffAtV>w<. 






3.*^ a^. &o/. TeryU thipyide^ 



^^^,^^J>l/soU€ o/coAo/ locc 

Wmnto^/ifij^^ a^. so/. oc€tic aciV /Mcc 



tiiUyey 



MEosin.. 



IEosin Uo/.d/c«Ao/) liMtn 
hU^hoi iSft /MCC 






./oocc 



fi0iinkAci4 < 



oimcc 4cid /^mm 

OUiUiid vfdUy ioocc 



M/t and allow tht iola^'on to »i«m«i<n 
ivi an •^cn vcticl^wctkc anditf^y^ 
a$ini diiuU yaiih an ^uai vol4imt of 
ViaUy.riliih€i€ciionsx¥houY$ in 
Z%nk€y.Vi/ash Xfhouys in yunninj 
waityr, OtKydyafc in atc^ndinb 
akohaU. Fix itciiQns on-thf iud4 
^nd imtntyse in a X.S^ iyn-aiunt 
iolufion it^^kotys. fUnst in w«t«rw 
$iain in iht hentaton^Un Soiution ixH 
if /tours. ftin«€ in ViaUy^nd klmct 
a^in in iht iton aimm ^^luti^n kntii 
Mack cloud* C€aS€ ioayist. O^h^dvuU. 

fix sotfll'om on iht tUdt.^tain in 
0)fht4€t§fiyf€yninii1ts*BUt' Pa^y 
owv Htm ofcwi^fo^ft ofCi)irtthlf 
fftade, AUovti iht stain ih YtmainiS 
YninuU*,\Nash. Oifftytntiatt <n(i) 
Wa i h . OthjdYatt . citat en ol. ori^o n«m. 

oiCso£v« t/ic li«motax^£iii in tht 
aicohol'Add iht auiic acid Solution. 
y/aiutkUt in ciainin^ tityvons tit^ut. 



itain$ Cjftol>iasni.h^l^XtoShtinmt9*. 



Woch fv«tKtiUu«( in dUiilied wottr. 
tniTntrt« them in the Si/vtr ioCntion S 
tnihat«$. Rinse in distiiUd wotti* and 
ex^ost to i-rioht SunUoht en wotty> 
aUohol or ^Qctyint. Moant in 
dijfCtvint oy dyu ihtm on the UidM- 
and mount ivie-oi torn. rhtsilvey 
is deposited in the C<m«nt. 



Place tht uiatic n«rv« of o Cot in the 
osmic acid ioluiion fov oda^ oy 
two.^ash and kee^ in 7o^ alcohol 
until heeded. fttoinc fot i/ach. 
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Iliitig 






Dtrffitfftnf' 






stain. 



«o^il.jA«i/<<i'< r/ifl<< 3 Volf 

losmiolccd 1^ S*l.ii|. /vol 

So/.0^ J Silver Iridic l6rom 

iDistilUd VfaitK wcc 

{Silv«r JiritmU i^m 
QiSiiiUd NMAtcr '^^cc 
rormic >»Cid hUtfc^ 



Oiitii/ta vwa^cv. SScc 

rhtst toiutioM may ^ kc^^ 
im stock anif %nU€cr i»i iht 



pioct email |»'Mii;«A •! titrvoiK tiUKc in 
So/. A oh« ^ ti^Kt cb^^f-tficn tvAHSfcv 
to So/.Bfor Aliooir int/ic c/aW(«th«»i 
to s^'C for 4.f fioiir4 or mowi iht n to 
^^71 a/cofio/ A/io«r.T/i€t<ction« ore 
ynounUd in tifUi BQisant vnhich <s 
alUvttd to dv^ on tht %lu(^; no Cover 
(last it need. 



Placo cmo// Cu^t oj f tain and C^Yd 
in lotoXo vo/nmtc o{ tAcforo^oinj^ 
Solution for i^o /o wo<lu cA«n^i»ift 
tAem asfoUows: Jkihoitu,S€Uy$, 
tdajS,iSdaji,Jti€ias9, ^diufi- Traitfffr 
to fr>( aicokoi Ihbttr, alcoW ond 
^Acr ^nai ^ri%¥lh^Mr,€tUMi^ / 
Konr, mount oh A i/ockyC/cor ih tMiokl^ 
Car folic 4kcU lfort» i»t Which tiio^ 



ma 
■on 



Mi h koft f jor W€<k$. Ciit|»iio4(ii# 
ifidCjCovVr witfc covey ^Ucs. 



/^eMicfi't 
rrif (t Stoin. 



iOVanitCi$atof$ol /i«cc 

1 Acid Fachiin fotoo. tot ....... /OO cc 

lACetAj^ avten cot.&.Sot /<ti*cc 

f Disti7/€<f wotcr.... Joocc 

Si Alcohol Ooocc 

^.al^ctWnc f^^cc 



fzwrioA^^ 



Sodinvn BiCor^liotfO.5^ Of Sol- 
XMMjiUm Blat /.% ag Ul. 
3CoSin(5«</«w.Sol.iiiVMlcv)iL/iiy M. 
f ^cfA^/ Alcohol ^ 



Mix l,t, ¥, S anti add Slowfj $, 4. 

rit th€ f c/ms ^ htai or IM Cjuaij^ttYH 

Of alcohol and ethcY. 

sioih Jto /o minuUt' 

Vfack in Wottr 

Dro en oir. 

Mount Ud UoodCtlU art $^ntk red, 

oil nmcUi lioht fY€€n,iosihoMUt judam 
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